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CHAPTER1

INTRODUCTION

Today’s target acquisition systems are often composed of electro-optical imaging
systems as well as the human observer. Instead of viewing a scene directly with his own
eyes, the observer often views an image of the actual scene which has been produced by
an electro-optical system. This system may be composed of detectors, transmission and
storage devices and a display.

Errors are inherent in any transmission or display system. They are an unavoidable
result of the physical limitations of the system. A classic dilemma in image transmission
and display is that we must compromise between the conflicting constraints of dynamic
range and noise. The most important problem in image display is the limited dynamic
range of typical displays. High fidelity images such as those seen by the human eye in
the real world obtain dynamic ranges far in excess of 1000:1 or even 10000:1 (Stockham,
1975), whereas displays have typical dynamic ranges of 300:1. Other problems that may
be introduced in any transmission and display system are image blur and noise.

Acquisition refers to a series of visual processes, which range from the first awareness
of some local difference in energy at a specific point in the visual field through a
progressive awareness of the detail structure of an object (Overington, 1976). Detection
refers to the awareness of existence of local difference energy. Recognition refers to the
awareness that an object is of a particular class. Identification refers to the ability to
specify that an object is a particular one of a class.

To achieve maximum target acquisition performance from these man-machine
systems, the output of the electro-optical system must be designed with the capabilities
and limitations of the human visual system in mind.

“So it is that one might expect the most modern efforts in image
transmission, display and processing to be strongly influenced by a
knowledge of the human observer characteristics. The implication of this
statement is that the image processing scientist must be well versed not
only in the physics of optics, the electrophysics of sensing, the electronics
and chemistry of transmission, and the analog and digital disciplines of
processing, but also in the psychophysics, biophysics and psychology of
vision” (Stockham, 1975).

The purpose of this research effort was to gain a better understanding of the scene
modulation, image resolution and signal-to-noise requirements of the human visual system
in performing the target acquisition task. The interactions of these variables are examined
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experimentally to quantify their combined effects upon target acquisition performance.
The results hold significant implications for trade-offs in target acquisition system design.
Further, theory of signal detection is applied to the experimental results to quantify
operator target acquisition requirements independently of operator decision criterion.

The next section of this report presents a background review of light and photometric -
quantities, a description of the human visual system, description of a systems approach
to visual perception, a discussion of factors believed to affect target acquisition
performance (detection and recognition) and a discussion of theory of signal detection as
applied to visual target acquisition. Chapter 3 describes the studies performed under the
current research effort: a detection experiment, and two recognition experiments. Chapter
4 presents a summarization of the results of the three studies. Chapter 5 presents a
discussion of the results of the current research effort and ideas for future directions.




CHAPTER 2
BACKGROUND REVIEW

Light

Everything we see is dependent upon light. Light is part of the continuous spectrum
of electromagnetic radiation. An electromagnetic wave carries energy. The energy
~ distribution of the wave passing through a spatial plane: ¢(x,y,t, A) is called spectral
irradiance per (area x wavelength) or irradiance per wavelength. The x and y are spatial
variables, 7 is time and A is wavelength. The A is related to frequency by: A=c/ f
where C is the speed of an electromagnetic wave (3x10°m/sec). The unit associated with
o(x,y,t, A) is energy per (area x time x wavelength) and is joules/(m? sec). Integrating
o(x,y,t, A) with respect to A gives irradiance in unit of joules/(m2sec) or watts/m2.
Integrating ¢(x,y,t, A) with respect to all four variables gives the total energy (joules)
passing through a spatial plane.

Light is distinguished from other electromagnetic waves by the fact that the eye is
sensitive to it. The eye is sensitive to electromagnetic waves over a narrow range of

wavelengths -A = 350 nm to 750 nm (1 nm = 10~ meter).

Quantities associated with ¢(A), such as radiant flux and irradiance, are radiometric
units. These are physical quantities which can be measured and defined independent of a
human observer. Contributions that c(A;) and c(),) make to the human perception of
brightness are generally quite different for A, # A, even when c(),) and c(),) are equal.
The perceived brightness is dependent upon A. Of course, if A is not within the visible

range, it will not contribute at all to the perception of brightness. Light that consists of
only one spectral component is called monochromatic.

The basic photometric quantity is luminance, adopted in 1948 by the Commission
Internationale de I’Ecliarage (C.I.E.), an international body concerned with standards for
light and color. A relative luminous efficiency function, v(A), was determined by having
observers equate brightness of lights of various wavelengths to a fixed standard, ¢’(A), at
555 nm. The relative luminous efficiency function, denoted by v(A), describes the ratio of

energy required for light at other wavelengths to match the brightness of light at 555 nm.
The typical observer has maximum brightness sensitivity at 555 nm. Therefore,

c(A)/c’(A) is always less than or equal to unity. The C.LE. function is roughly bell
shaped with a maximum value of 1 at 555 nm (Lin, 1990).

The basic unit of luminance is the lumen (Im). The luminance per area / of a light with

¢(A) can be defined by I =% jc( Av€A)dA. Neither luminance nor luminance per area
A=0 .
measures the human perception of brightness. That is, a light of 2 lumens/m® will not
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appear to the observer to be twice as bright as a light of 1 lumen/m®. However, luminance
per area is related to the perception of brightness more closely than an integral of c(A),
and in typical viewing conditions, a light with larger luminance per area is perceived to be
brighter than a light with smaller luminance per area (Lin, 1990).

Human perception of light with c(A) (fixed spatial point and fixed time) can be
described in terms of brightness, hue and saturation. Brightness refers to the perceived
intensity or strength of the light. Hue is defined as the attribute of color which allows us

to distinguish red from blue. Light with approximately equal amounts of c(A) across the
visible range appears white. Monochromatic light appears colored and its color depends

on A. Saturation refers to the purity or vividness of the color. The perceived saturation

of a color is related to the effective width of ¢(A). Monochromatic light has very narrow
spectral content and looks very vivid and pure. Therefore, it is said to be highly
saturated. As the spectral content of c(A) widens, the color is perceived to be less vivid
and pure and is said to be less saturated (Lin, 1990).

Human Visual System

The human visual system consists of the eye that transforms light to neural signals
and the related parts of the brain that process the neural signals and extract information.

The eye is approximately spherical with a diameter of about 2 cm. Itisa device that
gathers light and focuses it onto its rear surface. If we examine a horizontal cross section
of eye from the outside inward (Figure 1), we find the following elements. The cornea
faces outside world. It is a tough transparent membrane whose function is to refract or
bend light. It acts like the convex lens of a camera and accounts for about two thirds of
the light bending necessary for focusing. The aqueous humor is clear free-flowing liquid
behind the cornea. The iris is the colored part of eye. It controls amount of light entering
the eye by changing the size of the pupil, a small round hole in its center. Pupil diameter
adjusts between 1.5 mm and 8 mm depending on the amount of external light.

The lens consists of many transparent fibers encased in a transparent elastic
membrane. The lens is bi-convex in shape with a refractive index of 1.4. It is surrounded
by media having similar refractive indices. Less light bending occurs at the lens than at the
comea. (The cornea has a refractive index of 1.8 but faces air.) The function of the lens is
to provide that bending required to accurately focus light on a screen at back of eye called
the retina. While a camera changes the distance between lens and screen to focus objects
at different distances, the eye changes the shape of the lens while the distance between
lens and retina remains constant. This process of changing the shape of the lens is called
accommodation and takes place almost instantly.




Vitreous humor

Fovea

Visualaxis
Cornea
Optic nervg
Aequous humor Retina

Figure 1. Horizontal cross section of the eye.

The vitreous humor, a transparent jelly-like substance, is behind the lens. Itis
optically matched to keep light focused by lens on the same course. It fills the space
between the lens and the retina and gives support to the shape of the eye. The retina is
the screen on which light is focused and light-receptive cells convert light to neural signals.
Two types of light receptor cells are found in the retina, called rods and cones. The cones
are primarily for day color vision (photopic) and are less sensitive to light than rods.
There are about seven million cones in the retina. The three types of cones are sensitive
to either red, green or blue light. The rods are more sensitive to light and are primarily for
night vision (scotopic). There are about 120 million rods in the retina. Since rods are
responsible for night vision and cones do not respond to low light levels, we do not see
color at night. Rods and cones are not distributed evenly about the retina. Most of the
cones are concentrated in the fovea, a small round area directly behind the pupil of the
eye. When we look straight ahead at an object, the object is focused on the fovea. There
are no rods in this region. Therefore, it is the region for most accurate vision in bright
light. The rods are concentrated away from the fovea. Objects focused in the fovea are,
therefore, not visible in dim light. In dim light, we see objects most clearly in the

periphery.




A complex electro-chemical reaction takes place when light impinges on cones and
rods. Light is converted to neural impulses which are transmitted to the brain via the
optic nerve fibers. While there are approximately 130 million rods and cones, there are
only about one million nerve fibers. The nerve fibers are shared by the rods and cones.
However, they are not shared equally. Some cones in the fovea have one nerve each.
Rods always share nerve fibers.

After the optic nerve bundles leave the two eyes they meet at the optic chiasm. Here
each bundle splits into two sections and one section from each eye joins with a section
from the other eye. This crossing of the nerve bundles from the two eyes is partly
responsible for our stereoscopic vision which allows us to see a three-dimensional world.
The two newly formed bundles go to the left and right lateral geniculate bodies. Here new
fibers continue to the visual cortex where visual processing takes place.

The visual cortex is a mass of gray matter forming two hemispheres at the back of the
brain. Little is known about how neural signals are processed in the visual cortex.

Visual Perception

When a scene is viewed by a human observer, the spatial information contained in that
scene must undergo three stages of processing. The first stage is optical processing and
involves the formation of a picture of the scene on the retina. The second stage is neural
processing and starts at the retina where the image is detected by a mosaic of
photoreceptors. Signals are transmitted through the neural network of the ganglion cells
to the geniculate fibers and then to neurons of the visual cortex. The third stage is
psychophysical. This is the final perception of the picture (Cornsweet, 1970).

The perceived picture cannot be directly measured. Therefore we cannot easily
describe it as some numerical function of the original scene. We can only assume a
hypothetical perceived picture which consists of numerical brightness as a function of
position (Saleh, 1982).

A systems approach can be applied to the study of transmission of information by
defining a system whose input is the original picture and whose output is the
hypothetical perceived picture. Hall and Hall (1977) describe the simplest model as one
of three cascaded systems. The first is a linear system which represents the optics of the
eye. The second is a logarithmic point nonlinearity which represents the response of the
photoreceptors. The third is a linear system which represents neural processing.

The overall system described above is nonlinear. Researchers have avoided this
complication by using visual stimuli having low contrast. The system is also space
variant; that is, the response of the system to an impulse depends upon the location of
the impulse. Davidson (1968), however, argues that the system is approximately locally
invariant over regions within which structural inhomogeneity is effectively self-
homogenizing. These issues are important because a system which is linear and space-
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invariant can be completely characterized by its response to sinusoidal stimuli. The
response of the system to any complex stimulus can then be characterized as the
superposition of the responses to each of the sinusoidal Fourier components of the
stimulus.

The response of a linear, space-invariant system to a sinusoidal stimulus is also
sinusoidal. However, the amplitude is generally attenuated and the phase shifted. The
attenuation as a function of frequency defines the modulation transfer function (MTF).
The phase shift as a function of frequency defines the phase transfer function. The two
taken together, determine the transfer function of the system.

The transfer function of a linear system is usually determined by measuring the
attenuation and phase shift of sinusoidal stimuli of different frequencies. To apply this
technique to the visual system, sinusoidal spatial gratings

I(x.y)= [ {1+ mcos[27cf0 (xcos@ —ysin6)+ @]}
of contrast m, frequency fj, and orientation 6 are displayed to the observer (Saleh, 1982).

However, in the human visual system, there is no way to directly measure the amplitude
or the contrast of the perceived sinusoidal function.

Our ability to perceive the details of a visual scene is determined by the relative size
and contrast of the detail present. Schade (1956), who was the first to use Fourier
methods to study vision, measured the contrast sensitivity function (CSF). He did this

. by reducing the contrast of a sine wave grating displayed on an oscilloscope until the

viewer no longer saw the grating but rather, saw a uniform field. The mean value of the
grating was kept fixed as the contrast was reduced. The reciprocal of the level at which
the grating was no longer perceived was then the contrast sensitivity. This procedure was
repeated at a number of different spatial frequencies, thus producing the contrast
sensitivity function (C(?).

To determine the relationship between the CSF and the MTF of the linearized visual
system, a mechanism of threshold detection must be postulated. The simplest
mechanism is that of comparing the perceived small contrast to a fixed threshold level 8.
When & is exceeded, the pattern is declared to be detected. The measured contrast
threshold of the original pattern [C(#)]" should, when reduced by the MTF, H(f), of the
visual system be equal to the threshold level S. Therefore, [CHI H() = Sor Hf) = 6
C(f). The MTF is proportional to the CSF (Saleh, 1982).

Campbell and Green (1965) separated the optical and neural contributions of the CSF
by creating sinusoidal patterns directly on the retina. They found that the optics of the
eye acts as a low-pass spatial filter while the retina brain system acts as a bandpass filter
attenuating both very low and very high spatial frequencies. The spatial frequencies of
maximum sensitivity were found to be between 3.0 and 4.5 cycles per degree of arc
subtended in the viewer’s field of vision. The sensitivity also depends upon orientation
of the grating. Sensitivity is greatest for @ = 0 or 90 degrees and least for 6 =45 degrees.
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Factors Affecting Target Acquisition

Detection

Available energy affects detection; we must have a sufficient amount of the right form
of energy. The human visual system is sensitive to only a very limited portion of the
electromagnetic spectrum--wavelengths from 400 to 700 nm with peak sensitivity at
about 550 nm. The band of sensitivity corresponds roughly with the peak of radiation
from the sun, which is at about 500 nm. The visual system, then, tends to be optimized
for natural illumination. Cones and rods enable the human visual system to cope with a
tremendous range of luminance levels met in natural viewing from 10" cd/m? to 5000
cd/m?. Most cones are in the fovea, which covers a circular portion of the visual field
subtending between 10 and 20 mrad diameter.

Stimulus characteristics affect our ability to detect. These include size, shape and
form, contrast against surroundings, texture, edge sharpness, interaction with
surroundings.

It has been found that the eye can usually just detect a black disc of angular subtense
about 0.15 mrad against a plain background in good light. Similarly it was found possible
to detect the presence of twin points of light as twin points when they were separated by
about 0.15 mrad, again in good light.

As the size of an object is increased while all other conditions are held constant, it
almost invariably becomes easier to see. The contrast required to see a simple circular
stimulus having angular subtense at the eye on the order of a milliradian or less is
governed by Ricco’s Law: €0/ =constant, where « is the angular diameter of the stimulus
and € is the contrast defined by (B/B’-1) where B and B’ are the luminances of the
stimulus and immediate background, respectively. As size is increased above about
3 mrad diameter, the deviation from Ricco’s Law becomes more and more marked until
when looking at stimuli with diameters in excess of 30-60 mrad, further increase in size
has little further effect on the value of €.

~ The contrast required to see an object is also a function of field luminances, with
higher contrast being required if the background luminance is low. Blackwell (1946) has
plotted threshold contrast curves as a function of luminance for disc stimuli of various
sizes. At low luminance levels, these curves show a discontinuity where the cones cease
to function and rods take over. These threshold curves hold true only if the eye has
become adapted to the background illumination level. The process of adaptation can take
many minutes depending upon the difference in luminance levels before and after

adaptation.

Experimenters have looked at effects of shape. Lamar (1948) studied the effects of
object aspect ratio, using rectangular stimuli with aspect ratios ranging from 2:1 to 200:1.
Contrast threshold was found to decrease with increased object area at all aspect ratios.
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However, thresholds were found to be largely independent of aspect ratios up to about
7:1, after which thresholds began to be considerably higher for objects of same area but
greater aspect ratio. Guth and McNelis (1969) studied threshold functions for various
complex targets such as parallel bars, Landolt rings, letters and dot patterns. They found
that detection was approximately independent of shape for high luminance. Although
luminance trends tended to be shape dependent, trends for circular stimuli were a good
mean.

Effects of edge sharpness were examined by Ogle (1961). Thresholds for various
sizes of out-of-focus aerial images of disc stimuli were utilized. The results of this work
have shown that there is a massive effect of blur on thresholds for very small objects.
This is presumably due to the extensive spreading of energy in the retinal image. There
was also significant threshold degradations due to blurring for large objects.

Contrast sensitivity and orientation have been found to affect detection. Campbell et
al (1966) found visual response to be maximal to vertical edges with a secondary
maximum to horizontal edges and pronounced minima for patterns inclined at
approximately 45 degrees to the vertical.

Effective exposure time, the total time available for inspection of any particular part
of a stimulus, will affect detection performance. Search may be necessary due to
uncertainty as to where a stimulus is in the visual field or it may be an imposed detail
search within a local area of a visual scene, or even within local parts of a complex
stimulus. In each case the search strategy will yield progressive bits of data on which to
build a brain ‘picture’ of the fine details of the scene being studied, but at the expense of
available time to study any one elemental area. Scene structure may include similar
objects to the stimulus, thus producing conflicting input data. This may upset adaptation
level at which the local visual inspection is taking place or may introduce local veiling
glare effects. Other factors include retinal position, motion, color, state of eye focus,
positive versus negative contrast, training and motivation. All these factors can have
effects on performance, most of which are ill-defined.

Recognition

~ In our everyday life, we are usually required to do more than just detect the presence
of an object. More often, we must be able to recognize that an object is one of a
particular class. Less is understood about how the visual system performs recognition. It
is not obvious exactly what structure it is necessary to see in order to effect recognition in
a given situation. Nor is it obvious how to relate the detectability of certain local
structure to the detection thresholds of isolated simple shapes.

Suprathreshold vision is more complex than threshold vision as it involves the
appearance of viewed pictures rather than the question of whether or not a stimulus is
detected (Saleh, 1982). Measurements of the suprathreshold MTF, performed by
matching sinusoidal gratings of different spatial frequencies (Springer, 1978; Kulilowski,
1976), yield a suprathreshold that is much flatter, not falling off at high and low
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frequencies. Springer (1978) suggests that neural processing compensates for optical
degradation, thus achieving a deblurring of the image.

Furchner, Thomas and Campbell (1977) and Campbell, Howell and Johnstone (1978)
found that under certain conditions of low frequency and low contrast, a square wave
pattern could not be distinguished from a similar square wave pattern without the
fundamental. Campbell e al. (1978) suggest that the visual system responds “as though
hardwired to detect square gratings and edges by means of quasi-Fourier analysis.”

Recognition ability must depend, at least to some extent, upon such factors as the
number of possible stimuli, complexity of form, previous experience, orientation of the -
retinal image and association with the particular field of view in addition to the factors

found to influence detection.

Helson and Fehrer (1932) found, for simple shape recognition including rectangles,
discs and triangles, rectangles are easiest to recognize with triangles generally being next
easiest.

Results of several studies ( Bitterman, Krauskopf and Hochberg, 1954; Engstrand and
Moeller, 1962) show recognition threshold to vary directly with “compactness.” This
term is used to describe forms of low aspect ratio and simple contour characterized by a
low perimeter to area ratio (P/A ratio). Fox (1957) found that while form does affect
recognition threshold, neither perimeter, area nor P/A were good predictors. ‘Casperson
(1950) used 30 geometric shapes, five each of various forms of rectangles, ellipses,
triangles, diamonds, crosses and stars of various sizes. He found no common behavior for
the different forms. While area was a good predictor of threshold for all triangles, it was a
very poor predictor for stars and crosses. The maximum dimension or perimeter was
found to be a good predictor for stars but very poor for ellipses and diamonds. There
seems to be no simple measure of form which can be used as a universal predictor of
recognition threshold. Attneave (1954) postulated that it might be the local parts of the
profile of an object which allowed its recognition. He produced a series of outline shapes
with irregular contours, and, allowing each of several observers ten dots with which to
define the figure, produced a statistical impression of the importance of various local
parts of the profile. There appeared to be a strong concentration of importance in the
regions of maximum rate of change of contour direction, with very little importance to
straight regions of contour.

Experience, expectancy and familiarity are very important factors in recognition.
Experienced observers can discriminate fine details of familiar objects very quickly and
accurately. Unfamiliar or unexpected objects are not as easily discriminated as the

familiar or expected.

The availability of lasers and high-capacity digital computers has made it feasible to
apply spatial filtering techniques to the problem of picture analysis. The practical
problems that arise in making an object recognition device are of direct relevance to
solving the problem of how we recognize familiar objects in complex scenes. Conversely,
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pattern recognition engineers are very interested in the visual system, for here is a device
that actually works very well (Campbell, 1974).

Overington (1976) discusses contributory factors to the recognition decision. First
there is the object which has certain characteristics which differentiate it from its
surroundings and other objects. This is not a simple difference of luminance on adjacent
receptors as with detection, but a difference of local luminance structure from that which
would be expected for an alternative confusable object. Expectation implies a required
input from the memory. It is only by experience that we can learn what visually
discriminates one object from another. As with detection, the differential effects must be
differences in the retinal image, not in the original object. The whole of the understanding
of the visual process is tied up with an understanding of ability to detect details
(Overington, 1976). Ginsburg (1971) has shown that we require only a quite narrow
range of low spatial frequency information to recognize many objects.

Johnson (1957) presented the first frequency domain approach to predicting the
ability of observers to perform target detection and recognition tasks. Johnson compared
the level of decision making he could extract from an image (i.e., detection, recognition,
identification) to the frequencies he could resolve in a US Air Force standard tri-bar chart
which was scaled to the image. He determined the number of resolved line pairs required
per foot of target dimension to perform a given task for a number of different targets. For
example, detection of a tank requires 0.75 cycles per minimum dimension, recognition
required 3.5 cycles and identification requires 7 cycles. All target views were broadside.
Johnson stipulated that the bar pattern used must have the same contrast as the internal
contrast of the actual target.

Moser (1972) found that the Johnson Criteria did not work well for Naval vessels at
some aspect angles. Moser experimented with breaking the ships’ images into two-
dimensional blocks of various resolutions. He determined that approximately 66 blocks
were required to recognize whether the ship was a combatant or noncombatant.
Approximately 400 blocks were required before the class of warship could be identified.
While Johnson’s Criteria was related to the minimum dimension of the target, Moser’s
was related to the average area.

Johnson and Lawson (1974) established the Target Transform Probability Function as
an improvement to the original Johnson Criteria. The Target Transform Probability
Function relates the probability of performing a given visual task to the ratio of the
number of cycles one can resolve across the minimum dimension of the target to the
standard number given in the original Johnson Criteria.

The Night Vision and Electronics Systems Directorate adopted the Johnson Criteria
and the Target Transform Probability Function as their standard for predicting
operational performance in 1974. This standard is still in use today. The approach for
calculating target detectability, recognizability and identifiability has not changed
significantly in more than 20 years (Shumaker, 1995).
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O’ Neill (1974) showed that ship images having the same number of resolved lines
across their minimum dimension had different levels of discernability under different
video signal to noise conditions. That is, with increased video signal to noise ratio, fewer
lines were required across the target in order to accomplish the same level of detection,
recognition or identification.

Snyder (1983) evaluated the effects of image blur and noise on hardcopy and softcopy
image quality scaling and information extraction. Five levels of blur and five levels of
noise were employed. They found that both blur and noise resulted in reduced judgments
of image quality and information extraction capability. They also found that increases in
either noise or blur tended to mask the influence of the other variable on perceived
quality. For information extraction, they found the effect of noise to be somewhat less at

the greatest blur levels.

Theory of Signal Detection

While the previous discussion has focused on fluctuations in target acquisition
performance due to input, it seems unreasonable to assume that there are no fluctuations
due to the visual system itself, particularly at the decision level of the brain. More than
sensory information is involved in target detection and recognition. The process of
perceiving is not merely one of passively reflecting events in the environment, but one to
which perceiver himself makes a substantial contribution. The observer relates his sense
data to information he has previously acquired, and to his goals, in a manner specified by
statistical decision theory (Swets, Tanner and Birdsall, 1964).

An operator’s performance in a target detection or recognition task may be a function
of (1) properties of the target and imagery such as image resolution, modulation, blur, etc.;
and (2) the operator’s decision rule (e.g., presumed to be related to the payoff for
correctly identifying a target and the consequences associated with false alarms.)
Performance measures such as probability of hits and probability of false alarms do not
allow one to unambiguously interpret the results; that is, the contribution to the response
measures associated with stimulus characteristics and response bias are not separable.

For example, an operator may achieve a high probability of hits, but achieve tlus result by
calling everything a target (e.g., a high probability of false alarms).

The theory of signal detection (TSD) provides a means by which one can obtain two
independent measures that relate to operator sensitivity and response bias, respectively
(Green and Swets, 1966). The measure of sensitivity, referred to as d’, is generally
affected by sensory/perceptual factors such as image resolution and target-to-background
relationship. The other parameter, Beta, is a measure of response bias which is affected
by such variables as the consequences of misses and false alarms, rules of engagement, a
priori knowledge, expectations and training. The value of Beta is an index of the
operator’s response criterion.

12




The theory proposes that d’ is equal to the difference between the means of the signal
and noise (SN) and noise (N) distributions (#sy-uy) expressed in standard deviation units
of the N distribution (Figure 2). Because the location of the SN distribution with respect
to that of the N distribution is entirely a function of the stimulus intensity and properties
of the sensory system, d’ is a pure index of stimulus detectability which is independent
of the operator’s criterion (Beta).

In signal detection analysis, the corresponding Z scores from a normal distribution for
the proportions of hits and false alarms are used to calculate d°, which is the measure of
target detectability or operator sensitivity (Gescheider, 1976). A Z score represents the
number of standard deviation units that a particular hit rate or false alarm rate is from the
mean of a standard (zero mean, unit standard deviation) normal distribution. The
equation used to calculate d’ is: d° = Z(Hits) - Z (False Alarms). A d’ of 0 is equivalent
to chance performance, while a d’ of 3 represents near perfect performance.

Beta, on the other hand, is the ratio of the ordinate of the SN distribution at the

criterion to the ordinate of the N distribution at the criterion, as follows: = If—”—@- .

NX)
A low value of Beta represents a lax criterion where the operator will be liberal about
reporting “signals,” while a high value of Beta represents a strict criterion where the
operator will be conservative about reporting “signals.”

In TSD studies, both parameters affecting perceptual sensitivity and parameters
affecting decision criterion may be manipulated. This allows the determination of receiver
operating characteristic (ROC) curves (Gesheider, 1976). An ROC shows the
relationship between false alarm and hit rates (Figure 3).
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Figure 3. Hlustration of the manner in which ROC curves are predicted from TSD. (a)
depicts a situation in which signal strength is sufficient to result in only a slight overlap of
the N and SN distributions, while (b) depicts a situation in which signal strength is weak,
resulting in considerable overlap.
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CHAPTER 3
EXPERIMENTS

Three target acquisition experiments were conducted using simulated infrared imagery
of eight military vehicles. The first, a target detection study, required subjects to declare
whether or not a military vehicle was present in an image. The two succeeding studies
were recognition studies which required the subject to determine whether the vehicle
present in an image belonged to one of four classes. The purpose of all three target
acquisition studies was to evaluate the possible trade-offs between scene modulation,
image blur and noise in their effects upon target acquisition. Further, the theory of signal
detection was applied to take into account operator false alarm rate, thus separating
perceptual sensitivity from operator decision criteria.

Detection Experiment

Variables of interest in the detection study were target internal contrast, target range,
scene modulation and blur. The primary purpose of the detection study was to determine
whether target internal contrast was a significant factor in target acquisition. Also, the
detection study was used to estimate the appropriate levels of target range, scene
modulation and blur to be used in subsequent recognition studies.

Method

Subjects: The subjects were ten trained observers. All were Air Force or on-site
contractor personnel who had volunteered to participate in the study. All subjects
exhibited 6/6 (20/20) or better Snellen acuity and were found to exhibit normal contrast
sensitivity as tested by the Vector Vision Model CSV-1000 contrast sensitivity tester.

Apparatus: This research was conducted in the Visual Image Processing, Enhancement
and Reconstruction (VIPER) Laboratory at the Armstrong Laboratory's Human
Engineering Division located at Wright-Patterson Air Force Base, Ohio. A diagram of the
VIPER facility is shown in Figure 4.

An International Imaging Systems (I2S) Image Array Processor hosted on a PDP 11-
34 or PDP 11-70 was used for image preparation and calibration as well as for image
presentation and data collection. Images were presented on a 35.56 cm (14 inches)
diagonal, Electrohome Model 38-V19NDA-BP monochrome monitor having a P-43 green
phosphor. The display resolution is 5122 pixels.

The display brightness and contrast were adjusted by displaying a 64 step gray scale
and adjusting the brightness and contrast for subjectively equal differentiation between all
adjacent steps of the gray scale. The luminance output of the display as a function of
image intensity value (0-255) was measured using a Topcon Model BM-7 luminance
colorimeter calibrated according to manufacturer’s instructions using a Hoffman LS-
65B/HO Standard Source. The calibration limit for luminance accuracy of the Topcon
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Figure 4. The VIPER facility

is specified by the manufacturer at +/- 4 percent. The display luminance transfer function
is given in Figure 5. A custom-built response box which incorporates push buttons and a
trackball was used for collection of subject responses.

Stimuli: The stimuli were acquired from a training imagery database established at the
Terrain Board facility at the Night Vision and Electronic Sensors Directorate (NV&ESD).
NV&ESD established the imagery database for the purpose of training and testing
automatic target recognizers (ATRs). The images were generated by systematically
varying target aspects, target contrasts (i.e., SNRs), range (i.e., pixels-on-target), target
signatures, target types, backgrounds and depression angles while controlling other target
and background characteristics. The target models were imaged on a terrain board. The
set up was designed to simulate imagery produced by a state-of-the-art infrared sensor.

The format of the digitized imagery is 640 horizontal pixels by 480 vertical pixels
with 8 bits per pixel. Ground truth files which accompany the imagery contain target
type(s), x and y pixel location(s), target contrast(s), target aspect(s) and the image
identification number. The imagery was stored in the Automatic Target Recognizer
Working Group (ATRWG) Raster Format (ARF) and the ground truth files in Automa.

17




LUMINANCE (CD/M2)

[=] n (o] w (=] [Te] (=] W (o] wn Q W (o} ¥e]
- ™ - © ~ o] Q N ™ '] o o] o]

- -~ — -— -— -— -—

210
225
240
255

DISPLAY INTENSITY VALUE (0-255)

Figure 5. Display luminance transfer function.

18




The Training Imagery Set 2 (TRIM2) was selected for this research effort. This
training set consisted of 12 targets in six classes. The targets were imaged at 21 different
aspect angles ranging from 0 degrees to 355 degrees. Two paint treatments were used to
achieve conditions of target internal contrast and no target internal contrast. The targets
were imaged at four simulated ranges (1500, 2500, 3500 and 4500 meters) at a depression
angle of two degrees. The targets were imaged against three levels of background clutter.
The total number of images in the TRIM2 imagery set was 2,244,

For this research effort, eight targets were selected in four classes. These were the M-
1 and M-60 Tanks, the M-113 and M-2 Armored Personnel Carriers (APCs) the M-35
and HMMWYV Wheeled Vehicles and the M-163 and M-730 Air Defense Units
(Artillery). The 45 degree aspect angle and the medium clutter level were selected for all
targets. For this pilot study, all four ranges and both contrast conditions were used for
each target for a total of 64 target images. Figures 6 thru 9 show the eight targets at each
of the four ranges for the internal contrast condition.

Each of the 640 by 480 pixel images contained from eight to ten individual targets
from a single class. Therefore individual target chips were extracted from the target
images. These chips were 12810 pixels for the 1500 and 2500 meter ranges and 642 pixels
for the 3500 and 4500 meter ranges. Table 1 gives the number of pixels across the
horizontal target dimension and the angular subtense subtended by the target at the
observers eye (given the 76.2 cm viewing distance) for each target and each range. A
single pixel subtended .03 degrees, resulting in 16.67 cycles per degree of visual angle.
The ground-resolved distance per pixel was approximately 8.5 cm, 18.5 cm, 26 cm and
33.5 cm for the 1500, 2500, 3500 and 4500 target ranges, respectively.

In addition to the 64 target image chips, 64 background image chips were also
extracted. These chips were of areas of the terrain board which were near the target area
and similar in appearance to the target area but contained no targets. For each "target"
image chip, then, there was a corresponding "no target" image chip of the same size
possible levels of image blur (image resolution). This was achieved by applying a
gaussian filter to the image. Each image received three conditions of blur; these conditions
were no blur, blur by gaussian filter of radius 8, and blur by gaussian filter of radius 12.
This resulted in 192 "target" images and 192 "no target" images. The theoretical effects of
* the blur conditions can be seen in Figure 10. The figure shows the results of applying the
blur conditions to a line one pixel wide. The blur was achieved by first taking the Fourier
transform of both the image and the gaussian filter. The height of the resultant gaussian
was then rescaled to unity to avoid decreasing the modulation of the image. This gaussian
was then multiplied by the Fourier transform of the image and the inverse Fourier trans-
form taken of their product. The sharp edge is “smeared” over 16 pixels when filtered by
the gaussian of radius 8. It is “smeared” over 24 pixels when filtered by the gaussian of
radius 12. At half the maximum luminance, the blur extends over 8 pixels and 12 pixels
for the filters of radii 8 and 12, respectively.
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Figure 7. Target chips extracted from the TRIM2 simulated infrared imagery set;
range = 2500 meters.
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Figure 8. Target chips extracted from the TRIM2 simulated infrared imagery set;
range = 3500 meters.
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Figure 9. Target chips extracted from the TRIM?2 simulated infrared imagery set;
range = 4500 meters.
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Table 1
Number of pixels across target horizontal dimension and target angular subtense (degrees)

at each target range.
TARGET at 1500m NO. PIXELS VISUAL ANGLE
M-1 85 2.55
M-60 90 2.70
M-113 71 2.13
M-2 86 2.58
M-35 78 2.34
HMMWV 64 1.92
M-163 72 2.16
M-730 59 v 1.77
TARGET at 2500m NO. PIXELS VISUAL ANGLE
M-1 53 1.59
M-60 49 1.47
M-113 42 1.26
M-2 44 1.32
M-35 39 1.17
HMMWV 29 0.87
M-163 33 0.99
M-730 35 1.05
TARGET at 3500m NO. PIXELS VISUAL ANGLE
M-1 35 1.05
M-60 30 0.90
M-113 22 : 0.66
M-2 31 0.93
M-35 29 0.87
HMMWYV 19 0.57
M-163 28 0.84
M-730 23 0.69
TARGET at 4500m NO. PIXELS VISUAL ANGLE
M-1 32 0.96
M-60 24 0.72
M-113 17 0.51
M-2 25 0.75
M-35 23 0.69
HMMWV 15 0.45
M-163 24 0.72
M-730 20 0.60

24




At the time of presentation, each of the resultant 384 images was further processed to
achieve one of three levels of image modulation (dynamic range). The three levels of
modulation were 0.1, 0.3 and 0.85 as defined by the formula for Michelson Contrast,

Lnax-Lmin
CM = Lmax Lymin

Lfnax+Lmin
where L, represents the minimum luminance value and L__, represents the maximum

luminance value.

The display transfer function was used to create a look-up table for control of image
modulation. At all three modulations, the mean luminance of the images was held
constant at 104 cd/m®. The luminance ranges were 86-113 for modulation of 0.1, 73-131
for modulation of .3, and 17-186 for modulation of 0.85. Selection of the 104 ¢d/m’ mean
luminance and the maximum modulation of 0.85 allowed for all images to be displayed
within the display intensity value range of 70-200. Below the intensity value of 70, there
is little increase in display luminance per unit increase in intensity value. Above intensity
value 200, display luminance increases more sharply with each unit increase of intensity
value (see Figure 5). Figures 11 through 14 show the internal contrast images of the M1
tank at all combinations of blur and modulation for each of the four target ranges.

Procedure: Image presentation was grouped by contrast modulation, resulting in three
blocks (three levels of modulation) of 384 images each. Half of the images in each block
were "target" images and the other half were "no target" images. Each data collection
session consisted of one block, resulting in three data collection sessions for each subject.
Each subject completed one or two (morning and afternoon) sessions per day on
consecutive days (except weekends) until all three sessions had been completed.

Prior to beginning the first session, the subjects were tested for visual acuity and
contrast sensitivity. They were shown pictures of all of the targets at all ranges. They
were not shown degraded images (blur, reduced modulation). The subjects were also
given a one-page set of written instructions to read. The pictures and the written
instructions are presented in Appendix A. They were also asked to sign a consent form
for their participation in the study. A copy of the consent form is found in Appendix B.

The subject was seated in the VIPER subject booth approximately 76 centimeters (30
inches) from the display. While no head restraint was used, subjects were reminded at the
beginning of each session to keep their head and chair touching the back wall of the booth
in order to maintain the 76 centimeter viewing distance.
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Figure 14. M-1 tank at all combinations of modulation and blur; range = 4500 meters.

30




At the beginning of the session, a medium green screen of the same average luminance
as the images (104 candelas/m?) was displayed with the word "READY" in the center.
The subject initiated the presentation of the first image by moving the trackball slightly.
The image appeared immediately and remained on the display for one second. The image
was always displayed in the center of the medium green screen of the same average
luminance as the image. This was followed by a medium green screen (104 candelas/m?)
with the word "RESPOND" in the center. At this time the subject would press one of six
buttons on the response box to indicate whether or not he believed that a target was
present in the image. The button responses were as follows:

Target definitely present. Target definitely NOT present.
Target probably present. Target probably NOT present.
Target possibly present. Target possibly NOT present.

A diagram was provided above the control panel to remind the subject of which button
was associated with each possible response. Only one button could be pressed for each
image. There was no time limit for responding; however the response time was recorded.
Subjects were instructed that accuracy was more critical than speed.

After the subject had pressed one of the response buttons, the "READY™" screen
appeared for the next image and the above procedure was repeated for each image. In each
block, all "targets" were presented at both contrast conditions and at all ranges and all blur
conditions (resolution) as were the corresponding "no target" images. Image presentation
within each block was completely randomized for each subject. The order of block
presentation for each subject was determined by Latin Square (Fisher and Yates, 1957).

Results

Figures 15 and 16 show the percentages of Hits and False Alarms respectively, for the
images in which targets had no internal contrast. These percentages are presented as a
function of modulation and blur for each of the four target ranges (1500, 2500, 3500 and
4500 meters). Figures 17 and 18 show the same data for images in which targets had
internal contrast.
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Hits as a function of modulation and blur:

Hits as a function of modulation and blur:
range = 1500 m, no internal contrast

range = 2500 m, no internal contrast
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Hits as a function of modulation and blur:
range = 3500 m, no internal contrast

Hits as a function of modulation and blur:
range = 4500 m, no internal contrast

Figure 15. Hits as a function of modulation and blur; no internal contrast images.
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FAs as a function of modulation and blur:
range = 1500 m, no internal contrast

0
8 12

thr
FAs as a function of modulation and blur:
range = 2500 m, no internal contrast

pFA

0

8 12
b
FAs as a function of modulation and blur:

range = 3500 m, no internal contrast

pFA

FAs as a function of modulation and bilur:
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Figure 16. False alarms as a function of modulation and blur; no internal contrast images.
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Figure 17. Hits as a function of modulation and blur; internal contrast images.
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Figure 18. False alarms as a function of modulation and blur; internal contrast images.
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Two five-way, full factorial, within subjects, fixed effects analyses of variance
(ANOV As) were performed using subject, target range, contrast treatment, modulation
and blur as main effects and Hits Rate and false alarm rate as the dependent variables.
The SAS (1982) data analysis software was utilized for these analyses. Tables 2 and 3
summarize the results of the ANOVAs.

Column one of the tables lists the experimental parameters and their interactions
which may contribute to the variance in operator target detection performance.
Interaction refers to the fact that scores associated with one experimental parameter may
vary differently in the presence of different values of a second experimental parameter.
Column two gives the degrees of freedom (df) associated with each experimental
parameter. Degrees of freedom can be defined as the number of scores in a set that are
free to vary; they are not fixed by some restriction placed on them. This is usually the
number of scores in a set minus one.

The third column gives the sum of squares associated with each parameter. The sum
of squares is a ratio of the sum of squared deviations of individual scores from a mean to
the number of scores. The total sum of squares of an ANOVA model is made up of two
component sums of squares. These are the sum of squares based on the variability of
subjects treated alike and the sum of squares based on the variability of the treatment
means. When calculating variances the sums of squares are adjusted by dividing them by
the number of deviations associated with each; this is the degrees of freedom. This
average sum of squares defines a variance, called a mean square.

The fourth column gives the F ratio which is formed by taking an estimate of
treatment variability (mean square for the treatment) and dividing it by an estimate of the
variability of subjects treated alike (mean square for subjects within the same treatment
group). The latter term is called the error term of the F ratio. It provides an estimate of
the experimental error influencing the differences among the treatment means. An F value
of 1.0 would indicate no treatment effects. Values greater than 1.0 indicate that a
treatment effect does exist. However, values greater than 1.0 can occur by chance even
when no treatment effect exists. Therefore, the obtained F value is compared to a
sampling distribution of F constructed by simulated experimentation in which there are no
treatment effects. This sampling distribution gives the frequency with which each value
of F may occur by chance. The experimenter selects a critical value of F (usually a value
which has only five percent probability of occurring by chance). If the calculated value of
F is greater than the critical value, then differences in scores due to experimental effects

are said to be statistically significant.

The fifth column, designated as p, gives the probability that the calculated F value for
that parameter might have occurred by chance when there was no real treatment effect.

The last column, designated as r* gives the portion of total variance in the scores that
is accounted for by a particular parameter. This value is obtained by dividing the total
sum of squares by the sum of squares for the parameter of interest.
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F

21.13
46.07
24.27
31.34
22.19
3.12
28.23
427
49.52
16.47
2.23
2.67
2.79
10.56
0.68

0.0001
0.0001
0.0001
0.0001
0.0001
0.0107
0.0001
0.0014
0.0001
0.0001
0.0543
0.0244
0.0023
0.0001

0.7679

Table 2
Detection Experiment: ANOVA Summary for Hits
Source daf SS
Subjects (Sub) 9 9.4620
Range (Ran) 3 4.6908
Sub x Ran 27 1.9984
Treatment (Tr) 1 19.2516
Sub x Tr 9 3.7606
Modulation (Mod) 2 6.4667
Sub x Mod 18 2.3979
Blur (Blur) 2 5.0094
Sub x Blur 18 1.4385
Ran x Tr 3 5.1644
Sub x Ran x Tr 27 2.0943
Ran x Mod 6 0.7139
Sub x Ran x Mod 54 2.0604
Tr x Mod 2 4.0625
Sub x Tr x Mod 18 1.2951
Ran x Blur 6 1.1212
Sub x Ran x Blur 54 2.3615
Tr x Blur 2 3.4406
Sub x Tr x Blur 18 0.6253
Mod x Blur 4 3.0646
Sub x Mod x Blur 36 1.6750
Ran x Tr x Mod 6 0.5736
Sub x Ran x Tr x Mod 54 2.3188
Ran x Tr x Blur 6 0.3372
Sub x Ran x Tr x Blur 54 1.1385
Ran x Mod x Blur 12 1.4007
Sub x Ran x Mod x Blur 108 4.5125
Tr x Mod x Blur 4 2.1688
Sub x Tr x Mod x Blur 36 1.8486
Ran x Tr x Mod x Blur 12 0.4326
Sub x Ran x Tr x Mod x Blur 108 3.9250
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0.0128
0.0526
0.0197
0.0137
0.0141
0.0019
0.0111
0.0031
0.0094

0.0084

0.0009

0.0038

0.0059

0.1573




Table 3
Detection Experiment: ANOVA Summary for False Alarms

Source df SS F p r
Subjects (Sub) 9 26.1729
Range (Ran) 3 1.8035 3.81 0.0213 0.0037
Sub x Ran 27 4.2590
Treatment (Tr) 1 1.5340 7.31 0.0243 0.0031
Sub x Tr 9 1.8896
Modulation (Mod) 2 0.4691 0.32 0.7337
Sub x Mod 18 13.3990
Blur (Blur) 2 0.5128 2.75 0.0907
Sub x Blur 18 1.6781
Ran x Tr 3 1.6396 3.56 0.0273 0.0034
Sub x Ran x Tr 27 4.1451
Ran x Mod 6 0.3392 0.78 0.5856
Sub x Ran x Mod 54 3.8899
Tr x Mod 2 0.3983 3.27 0.0613
Sub x Tr x Mod 18 1.0948
Ran x Blur 6 0.8580 1.76 0.1244
Sub x Ran x Blur 54 4.3816
Tr x Blur 2 0.0753 0.45 0.6416
Sub x Tr x Blur 18 1.4906
Mod x Blur 4 0.1486 0.32 0.8644
Sub x Mod x Blur 36 42125
Ran x Tr x Mod 6 1.0323 2.77 0.0201 0.0021
Sub x Ran x Tr x Mod 54 1.0323
Ran x Tr x Blur 6 1.7094 3.47 0.0057 0.0035
Sub x Ran x Tr x Blur 54 1.7094
Ran x Mod x Blur 12 1.1181 1.32 0.2186
Sub x Ran x Mod x Blur 108 1.1181
Tr x Mod x Blur 4 0.2361 0.79 0.5389
Sub x Tr x Mod x Blur 36 0.2361
Ran x Tr x Mod x Blur 12 0.8500 0.94 0.5101
Sub x Ran x Tr x Mod x Blur 108 8.5597
=  0.0158
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The significant interaction, for both hit rate and false alarm rate, between target range
and target contrast treatment, the two variables inherent to the imagery, was further
examined by performing separate four-way ANOV As for each target contrast treatment.
The results of these ANOVASs are summarized in Tables 4 and 5 for the internal contrast
condition and in Tables 6 and 7 for the no-internal-contrast condition.

Table 4
Detection Experiment: ANOVA Summary for Hits (Internal Contrast Images only)

Source af SS F p r
Subjects (Sub) 9 12.4656
Range (Ran) 3 9.8260 22.28 0.0001 0.0318
Sub x Ran 27 3.9691
Modulation (Mod) 2 10.3896 28.00 0.0001 0.0328
Sub x Mod 18 3.3396
Blur (Blur) 2 8.3688 40.48 0.0001 0.0264
Sub x Blur 18 1.8604
Ran x Mod 6 1.1854 2.76 0.0205 0.0038
Sub x Ran x Mod 54 3.8632
Ran x Blur 6 1.3313 4.04 0.0021 0.0042
Sub x Ran x Blur 54 2.9674
Mod x Blur 4 5.1917 14.49 0.0001 0.0164
Sub x Mod x Blur 36 3.2250
Ran x Mod x Blur 12 1.6417 1.97 0.0338 0.0052
Sub x Ran x Mod x Blur 108 7.4972

= 0.1206

Table 5
Detection Experiment: ANOVA Summary for False Alarms (Internal Contrast Images only)

Source df SS F p r
Subjects (Sub) 9 8.5681
Range (Ran) 3 1.7625 3.19 0.0396 0.0086
Sub x Ran 27 49736
Modulation (Mod) 2 0.0250 0.04 0.9624
Sub x Mod 18 5.8569
Blur (Blur) 2 0.2250 1.38 0.2774
Sub x Blur 18 1.4694
Ran x Mod 6 .8833 2.74 0.0213 0.0043
Sub x Ran x Mod 54 2.9014
Ran x Blur 6 0.4583 1.23 0.3045
Sub x Ran x Blur 54 3.3472
Mod x Blur 4 0.3562 0.96 0.4388
Sub x Mod x Blur 36 3.3243
Ran x Mod x Blur 12 0.5771 0.81 0.6392
Sub x Ran x Mod x Blur 108 6.4090

= 0.0129
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Table 6
Detection Experiment: ANOVA Summary for Hits (No Internal Contrast Images only)

2

Source daf SS F p r
Subjects (Sub) 9 0.7569
Range (Ran) 3 0.0292 2.12 0.1206
Sub x Ran 27 0.1236
Modulation (Mod) 2 0.1396 3.55 0.0500 0.0049
Sub x Mod 18 0.3535
Blur (Blur) 2 0.0813 3.59 0.0486 0.0027
Sub x Blur 18 0.2034
Ran x Mod 6 0.1021 1.78 0.1205
Sub x Ran x Mod 54 0.5160
Ran x Blur 6 0.1271 2.15 0.0626
Sub x Ran x Blur 54 0.5326
Mod x Blur 4 0.0417 1.26 0.3052
Sub x Mod x Blur 36 0.2986
Ran x Mod x Blur 12 0.1917 1.83 0.0513
Sub x Ran x Mod x Blur 108 0.9403
= 0.0076
Table 7

Detection Experiment: ANOVA Summary for False Alarms ( No Internal Contrast Images only)

2

Source df SS F p r
Subjects (Sub) 9 19.4944

Range (Ran) 3 1.6806 4.41 0.0120 0.0060
Sub x Ran 27 3.4306

Modulation (Mod) 2 0.8424 0.88 0.4328

Sub x Mod 18 8.6368

Blur (Blur) 2 0.3632 1.92 0.1749

Sub x Blur 18 1.6993

Ran x Mod 6 0.4882 1.01 0.4268 0.0017
Sub x Ran x Mod 54 4.3382

Ran x Blur 6 2.1090 3.47 0.0057 0.0075
Sub x Ran x Blur 54 5.4674

Mod x Blur 4 0.0285 0.07 0.9902

Sub x Mod x Blur 36 3.5757

Ran x Mod x Blur 12 1.3910 1.28 0.2410

Sub x Ran x Mod x Blur 108 9.7826

= 0.0150
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Figure 19. Effects of modulation upon hit rate; no internal contrast condition.
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Figure 20. Effects of blur upon hit rate; no internal contrast condition.
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For the no-internal-contrast treatment, target range did not have a significant effect
upon hit rate. The mean hit rate across all target ranges was 0.99. The manipulations of
modulation and blur were found to affect hit rate independently; there was no significant
interaction between these variables. Figure 19 shows the effects of the modulation
manipulations upon hit rate for this contrast condition. The mean hit rates are 0.996,
0.991, and 0.980 for the 0.85, 0.3, and 0.1 modulation conditions, respectively. Only the
hit rates for the 0.85 and 0.1 modulation conditions were significantly different from one
another. Figure 20 shows the effects of blur upon hit rate for this contrast condition.
The mean hit rates were 0.992, 0.995 and 0.982 for the blur radius 0, 8, and 12,
respectively. Only the hit rates for the blur radii 8 and 12 were significantly different
from one another.

False alarm rate, however, was significantly affected by target range. In addition there
were significant interactions between target range and blur. Therefore, a three-way
ANOVA was performed for each range to examine the effects of the manipulations of
blur for each level of target range. At the 1500 meter range and the 4500 meter range, false
alarm rate was not affected by blur. The mean false alarm rates were 0.107 and 0.146 for
1500 meter and 4500 meters, respectively. At the 2500 meter and 3500 meter ranges,
false alarm rate was significantly affected by blur. At the 2500 meter range only the false
alarm rates for the no blur and the blur radius 12 conditions differed significantly from one
another. At the 3500 meter range, only the no blur and blur radius eight conditions
resulted in false alarm rates which differed significantly from one another.

For the internal contrast treatment, target range was found to interact significantly
with modulation and blur in their effects upon hit rate. Therefore, separate three-way
ANOV As were performed for each target range. The results of these ANOVAs are
summarized in Tables 8 - 15. Both modulation and blur were found to significantly affect
hit rate at all ranges and were found to interact significantly at all ranges except 3500
meters. Blur was found to have a significant effect only at the lower modulations with
fewer hits with increased blur. Modulation was found to have a significant effect only in
the presence of blur. For all target ranges modulation was found to have no significant
effect upon hit rate for the no blur condition. A greater effect of modulation was found to
occur with increased blur. Whether the 0.3 modulation was significantly different from
the 0.1 modulation seemed to vary somewhat with target range.

Although the ANOVA for false alarm rate revealed a significant interaction between
target range and modulation, there are no significant effects of modulation at any of the
four target ranges. The range by modulation interaction is due to the mediation of the
range effect by modulation. Although significantly more False Alarms were found at the
1500 meter range that at the other ranges, this resulted only at the 0.3 and 0.85
modulations. At the 0.3 modulation, false alarm rates differed significantly for 1500
versus 2500 meters and for 1500 versus 4500 meters. At the 0.85 modulation, only the
1500 and 4500 meter ranges differed significantly in false alarm rate.
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Detection Experiment, Range = 1500m: ANOVA Summary for Hits

Source

Subjects (Sub)
Modulation (Mod)
Sub x Mod

Blur (Blur)

Sub x Blur

Mod x Blur

Sub x Mod x Blur

Table 8

(Internal Contrast Images only)

df SS F

9 6.2847

2 3.8694 12.57
18 2.7694

2 2.1778 12.04
18 1.6278

4 1.0722 3.01
36 3.2056

Table 9

0.0004
0.0005
0.0306

21_2

0.0318
0.0179
0.0088

0.0585

vDetection Experiment, Range = 1500m: ANOVA Summary for False Alarms

Source

Subjects (Sub)
Modulation (Mod)
Sub x Mod

Blur (Blur)

Sub x Blur

Mod x Blur

Sub x Mod x Blur

Detection Experiment, Range = 2500m: ANOVA Summary for Hits
(Internal Contrast Images only)

Source

Subjects (Sub)
Modulation (Mod)
Sub x Mod

Blur (Blur)

Sub x Blur

Mod x Blur

Sub x Mod x Blur

(Internal Contrast Images only)

df SS F

9 9.1167

2 0.0778 0.21
18 3.2833

2 0.1194 0.68
18 1.5750

4 0.7056 1.55
36

Table 10

af SS F

9 2.4944

2 4.7250 21.29
18 1.9972

2 5.2583 27.61
18 1.7139

4 4.2667 14.8
36 2.5944
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0.8100
0.5179
0.2090

=

0.0001
0.0001

0.0001

0.0000

0.0680
0.0956
0.0614

0.2250




Source

Subjects (Sub)
Modulation (Mod)
Sub x Mod

Blur (Blur)

Sub x Blur

Mod x Blur

Sub x Mod x Blur

Detection Experiment, Range = 3500m: ANOVA Summary for Hits

Source

Subjects (Sub)
Modulation (Mod)
Sub x Mod

Blur (Blur)

Sub x Blur

Mod x Blur

Sub x Mod x Blur

df

9
2
18
2
18
4
36

Table 11
Detection Experiment, Range = 2500m: ANOVA Summary for False Alarms
(Internal Contrast Images only)

SS

0.8736
0.0361
0.9639
0.2528
1.1639
0.0889

Table 12

0.34
1.95

0.30

(Internal Contrast Images only)

df

9
2
18
2
18
4
36

SS

4.6888
2.1028
1.7028
1.1194
0.4361
0.5722

Table 13

11.11

23.10

1.96

0.7182
0.1705
0.8756

>

0.0007
0.0001
0.1210

2[.2

0.0000

0.0272

0.0140

0.0412

Detection Experiment, Range = 3500m: ANOVA Summary for False Alarms
(Internal Contrast Images only)

Source

Subjects (Sub)
Modulation (Mod)
Sub x Mod

Blur (Blur)

Sub x Blur

‘Mod x Blur

Sub x Mod x Blur

df

9
2
18
2
18
4
36

SS

2.0222
0.3583
1.5861
0.2583
0.7694
0.0833
1.7222

45

2.03

3.02

0.44

£ 0.1599

0.0739
0.7821

Zl'z

0.0000



Detection Experiment, Range = 4500m: ANOVA Summary for Hits

Source

Subjects (Sub)
Modulation (Mod)
Sub x Mod

Blur (Blur)

Sub x Blur

Mod x Blur

Sub x Mod x Blur

Table 14

(Internal Contrast Images only)

df SS F

9 2.9667

2 0.8777 10.77
18 0.7333

2 1.1444 9.81
18 1.0500

4 0.9222 3.61
36

Table 15

0.0008
0.0013
0.0142

e

0.0245
0.0317
0.0256

0.0818

Detection Experiment, Range = 4500m: ANOVA Summary for False Alarms

Source

Subjects (Sub)
Modulation (Mod)
Sub x Mod

Blur (Blur)

Sub x Blur

Mod x Blur

Discussion

(Internal Contrast Images only)

df SS F

9 1.5292

2 0.4361 1.34
18 2.9250

2 0.0528 0.36
18 1.3083

4 0.0556 0.40

0.2863
0.7005

0.8073
e

0.0000

The primary purpose of the detection experiment was to estimate reasonable levels of

modulation and blur for the recognition study. Also of interest was the question of

whether the effects of manipulation of these variables were more or less pronounced as a
function of the target internal contrast condition and target range, variables inherent in the

imagery.

The mean hit rate for the no-internal-contrast condition was 0.99 with a high of 1.0
and a low of 0.965 while the mean false alarm rate was 0.110 with a high of 0.158 and a
low of 0.029. The mean hit rate for the internal contrast condition was 0.87 with a high
of 1.0 and a low of 0.51 while the mean false alarm rate was 0.077 with a high of 0.175

and a low of 0.0125.

Surprisingly, the lowest hit rate occurred at the 1500 meter target range and the
highest at the 4500 meter range for the target internal contrast condition. The lack of a

significant target range effect upon hit rate for the no-internal-contrast condition was not

surprising, as the target appeared as a black silhouette against the background and was
easily detectable at all ranges.
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The effects of modulation and blur upon hit rate were significant at all target ranges
for both target contrast conditions. The effects of at least the highest and lowest
conditions of modulation and blur were significantly different for all target ranges at both
contrast conditions.

Few significant effects upon false alarm rate were found. The primary effect was that
of target range with the fewest false alarms at the 2500 meter range for both target
contrast conditions and the significantly higher false alarm rate for the 4500 meter
distance in the no-internal-contrast condition. Discussions with the subjects after all
studies had been run, revealed that when in doubt, subjects tended to take a conservative
stance and give the “Target possibly not present” response rather than the “Target ‘
possibly present” response.

The narrow range of hit rate and false alarm rate variation for the no-internal-contrast
condition, while statistically significant, would probably not be of much interest
operationally. Also, the no-internal-contrast condition would, in most real world
scenarios, be unrealistic. For these reasons, it was decided to drop the no-internal-
contrast condition from further study.

Recognition Pilot Experiment

The purpose of the recognition pilot study was to examine the effects of the
experimental parameters upon target recognition. Target recognition is here defined as the
ability to determine that a vehicle belongs to a particular class; in this case, tanks versus
armored personnel carriers versus wheeled vehicle versus artillery. Due to the large
number of data points required for application of theory of signal detection to the
analysis of the experimental data, it was desirable to first ascertain that the experimental
parameters and the range of values selected for each were indeed appropriate. Also of
interest was whether the effects of manipulation of these variables were more or less
pronounced as a function of target range, a variable inherent to the imagery.

Method

Subjects: The subjects were eight of the ten trained observers who participated in the
detection study.

Stimuli: The stimuli used in this study were the 32 internal contrast target image chips
from the detection study. Again the images were of eight targets in four classes. All
targets were imaged at the 45 degree aspect angle in the Medium background clutter
condition. All four ranges were included. Only the target chips were included in this
study. No background-only image chips were included. Every image displayed to the
subjects contained a military vehicle.

As was done for the detection study, the images were further processed to produce
three levels of image blur (image resolution) by applying gaussian filters of radii 8 and 12
in addition to the non-filtered condition. This resulted in 96 images.
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At the time of presentation, each of the resultant 96 images was further processed to
achieve one of three levels of image modulation (dynamic range). The three levels of
modulation were 0.1, 0.3 and 0.85 as defined by the formula for Michelson Contrast.
This resulted in 288 images (72 per target class, 36 per target.)

Equipment: This study was also conducted in the VIPER laboratory using the same
equipment as described for the detection study.

Training: Prior to participation in the study, each subject was shown a one or two page
written description of each of the eight vehicles. This description included at least one
drawing or photograph of the vehicle. Also included with this material was a photograph
of the image of the vehicle at each of the four ranges. These images were at the highest
contrast condition with no blur. The subject was asked to read the written descriptions

and briefly study the drawings and photographs.

The subject was then given a training session in the VIPER laboratory. The same 32
high contrast, no blur images were used for training. The subject was seated in the subject
booth with the Electrohome display at the 76.2 (30 inch) viewing distance. As for the
detection study, the medium green screen with the word “READY” was displayed.
When ready to view the first practice image, the subject was instructed to move the
trackball on the control panel. At this time one of the 32 images was selected at random
and displayed for five seconds. This was followed by the medium green screen with the
word “RESPOND?” in the center. At this time the subject would press one of four
buttons on the control panel to indicate to which of the four classes (Tanks, APCs,
Wheeled Vehicles, Artillery) the vehicle in the image belonged. A diagram was provided
above the control panel to remind the subject of which button was associated with each
possible response. There was no time limit for responding. The subject was required to
respond before he could go on to the next image. The image was then displayed again
along with the class to which the vehicle belonged and the word “CORRECT” or
“INCORRECT” to give the subject feedback on his performance. This screen was
displayed for five seconds and was then followed by the “READY” screen for the next
image. Any images which were classified incorrectly were flagged and shown to the
subject again after all images had been shown the first time. This process continued until
the subject was able to correctly classify each image. The software kept score of the
percent correct on each pass. However, only the first pass was considered in determining
whether training should be repeated. Subjects were required to train until they were able
to complete two out of three successive practice runs with a score of 90 percent or greater

on the first pass.

Immediately before beginning each experimental session, the subjects were required to
do at least three practice runs with the criterion that they achieve a score or 90 percent or
greater on at least two of the runs. If they failed to do so, they continued to repeat the
practice until they had achieved the score of 90 percent or greater on two out of three
successive runs.
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Procedure: Each subject ran four sessions. For each session one of the four classes of
vehicles was designated as the “target” class. The other three classes were designated as
“nontargets.” For a given session, all possible combinations of range, blur and modulation
were presented once for each of the two vehicles in the designated “target” class, resulting
in a total of 72 “target images.” In addition, 72 images were presented from the three
“nontarget” classes. The various conditions of range, blur and modulation were equally
represented in the “nontarget” images. This resulted in 144 images per session. The
order of presentation of the selected “target” class was varied for each subject by using a
4 x 4 Latin Square (Fisher and Yates, 1957) which was repeated twice for a total of eight
subjects.

At the beginning of the session one of the two vehicles from the selected target class
was displayed with the word “target” below the image. This image continued to be
displayed until the subject pushed the “Definitely a target™ button on the control box.
Then the other vehicle from the target class was displayed with the word “target” until
the subject again pressed the “Definitely a target” button. This was followed by each of
the six vehicles from the three “nontarget” classes with the word “nontarget” displayed
below the image. In this case, each image was displayed until the subject pressed the
“Definitely not a target” button. All images were presented at the closest range, at the
highest modulation and with no blur.

After the targets and nontargets had been reviewed by the subject, the data collection
was begun. The procedure was the same as that employed in the detection study, except
that each image was displayed for three seconds. In each block, all "targets" were
presented at all ranges and at all modulation levels and all blur conditions (resolution) as
were the corresponding "no target" images. Image presentation within each block was
completely randomized for each subject.

Results

Two four-way, full factorial, within subjects, fixed effects analyses of variance
(ANOV As) were performed using subject, target range, modulation and blur as main
effects and hit rate and false alarm rate as the dependent variables. The SAS(1982) data
analysis software was utilized for these analyses. Tables 16 and 17 summarize the
results of the ANOVAs.

Target range was found to have a significant effect upon both hit rate and false alarm
rate. In addition, target range was found to interact with blur in their effects upon hit rate
and to interact with both modulation and blur in their effects upon false alarm rate. The
hit and false alarm rates for the four target ranges are given in Table 18. Only the hit rate
for the 2500 meter target range is significantly different from the others. In the case of
false alarm rate, only those of the 3500 and 4500 meter ranges are significantly different
from one another.
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Table 16
Recognition Pilot Experiment:

ANOVA Summary for Hits
Source df SS F p r
Subjects (Sub) 7 11.6806
Range (Ran) 3 2.0174 3.33 0.0392 0.0066
Sub x Ran 21 4.2396
Modulation (Mod) 2 28.4436 49.59 0.0001 0.0928
Sub x Mod 14 4.0148
Blur (Blur) 2 18.2405 51.74 0.0001 0.0595
Sub x Blur 14 2.4679
Ran x Mod 6 0.5321 0.85 0.5413
Sub x Ran x Mod 42 4.3984
Ran x Blur 6 2.1519 4.27 0.0019 0.0070
Sub x Ran x Blur 42 3.5286
Mod x Blur 4 8.8715 12.36 -0.0001 0.0289
Sub x Mod x Blur 28 5.0243
Ran x Mod x Bhur 12 0.7674 0.64 0.8003
Sub x Ran x Mod x Blur 84 8.3646
o 0.1940
Table 17
Recognition Pilot Experiment:
ANOVA Summary for False Alarms
Source df Ss F p r
Subjects (Sub) 7 5.0271
Range (Ran) 3 1.3316 5.04 0.0087 0.0108
Sub x Ran 21 1.8504
Modulation (Mod) 2 1.3250 6.35 0.0109 0.0108
Sub x Mod 14 1.4599
Blur (Blur) 2 0.6381 441 0.0326 0.0052
Sub x Blur 14 1.0119
Ran x Mod 6 0.1223 0.45 0.8396
Sub x Ran x Mod 42 1.8966
Ran x Blur 6 0.1933 0.55 0.7688
Sub x Ran x Blur 42 24702
Mod x Blur 4 0.5225 2.99 0.0358 0.0042
Sub x Mod x Blur 28 1.2243
Ran x Mod x Blur 12 1.2000 2.37 0.0109 0.0098
Sub x Ran x Mod x Blur 84 3.5254
I 0.0408
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Target Range
Hit Rate
False Alarm Rate

Source

Subjects (Sub)
Modulation (Mod)
Sub x Mod

Blur (Blur)

Sub x Blur

Mod x Blur

Sub x Mod x Blur

Source

Subjects (Sub)
Modulation (Mod)
Sub x Mod

Blur (Blur)

Sub x Blur

Mod x Blur

Sub x Mod x Blur

Source

Subjects (Sub)
Modulation (Mod)
Sub x Mod

Blur (Blur)

Sub x Blur

Mod x Blur

Sub x Mod x Blur

Table 18
Hit and False Alarm Rates as a Function of Target Range

1500m 2500m 3500m
0.87 0.79 0.86
0.041 0.072 0.025
Table 19
Recognition Pilot Experiment, Range = 1500m:
ANOVA Summary for Hits
df SS F p
7 2.6649
2 7.2535 29.07 0.0001
14 1.7465
2 4.3368 30.46 0.0001
14 0.9965
4 3.4444 9.14 0.0001
28 2.6389
=
Table 20
Recognition Pilot Experiment, Range = 1500m:
ANOVA Summary for False Alarms
df SS F p
7 1.2232
2 0.4072 5.86 0.0142
14 0.4863
2 0.2180 1.36 0.2889
14 1.1232
4 0.2782 1.93 0.1337
28 1.0107
ErZ
Table 21
Recognition Pilot Experiment, Range = 2500m:
ANOVA Summary for Hits
df SS F p
7 5.7778
2 7.5313 15.70 0.0003
14 3.3576
2 10.7188 26.45 0.0001
14 2.8368
4 1.5625 1.76 0.1651
28 6.2153 .
Zrz
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0.1089
0.0651
0.0516

0..2256

0.0178

0.0178

0.0793

0.1128

0.1921

4500m
0.85
0.085




Source

Subjects (Sub)
Modulation (Mod)
Sub x Mod

Blur (Blur)

Sub x Blur

Mod x Blur

Sub x Mod x Blur

Source

Subjects (Sub)
Modulation (Mod)
Sub x Mod

Blur (Blur)

Sub x Blur

Mod x Blur

Sub x Mod x Blur

Source

Subjects (Sub)
Modulation (Mod)
Sub x Mod

Blur (Blur)

Sub x Blur

Mod x Blur

Sub x Mod x Blur

ANOVA Summary for False Alarms

df SS F

7 1.6380

2 0.4621 5.90
14 0.5482

2 0.2005 1.88
14 0.7487

4 1.0948 4.81
28 1.5936

Table 23
Recognition Pilot Experiment, Range = 3500m:

ANOVA Summary for Hits
df SS F

7 4.4288

2 9.1250 29.29
14 2.1806

2 2.0417 11.31
14 1.2639

4 1.8021 6.67
28 1.8924

Table 24

Recognition Pilot Experiment, Range = 3500m:

Table 22
Recognition Pilot Experiment, Range = 2500m:

ANOVA Summary for False Alarms

df

-
2
14
2
14
4
28

SS

0.3376
0.2093
0.6794
0.1529
0.3278
0.1622
1.0916
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F

2.16

3.27

1.04.

0.0138
0.1899
0.0044

g

0.0001
0.0012
0.0007

e

0.1527
0.0685
0.4042

21'2

0.0118

0.0280
0.0398

0.1311
0.0293
0.0259

0.1863

0.0000



Table 25
Recognition Pilot Experiment, Range = 4500m:

ANOVA Summary for Hits
Source daf SS F p r
Subjects (Sub) 7 3.0486
Modulation (Mod) 2 5.0660 31.42 0.0001 0.0693
Sub x Mod 14 1.1285
Blur (Blur) 2 3.2951 25.65 0.0001 0.0451
Sub x Blur 14 0.8993
Mod x Blur 4 2.8299 7.50 0.0003 0.0389
Sub x Mod x Blur 28 2.6424
5 0.1531
Table 26
Recognition Pilot Experiment, Range = 4500m:
ANOVA Summary for False Alarms
Source df SS F p r
Subjects (Sub) 7 0.3376
Modulation (Mod) 2 0.2093 2.16 0.1527
Sub x Mod 14 0.6794
Blur (Blur) 2 0.1529 3.27 0.0685
Sub x Blur 14 0.3278
Mod x Blur 4 0.1622 1.04 0.4042
Sub x Mod x Blur 28 1.0916
=  0.0000

To further examine the interactions of target range with the other variables, separate
three-way ANOV As were performed for each target range for both hit rate and false alarm
rate. Tables 19, 21, 23 and 25 summarize the ANOVA results for hit rate while Tables
20, 22, 24 and 26 summarize the results for false alarm rate.

Both modulation and blur were found to significantly affect hit rate at all target ranges.
In addition, modulation and blur were found to interact significantly in their effects upon
hit rate for all ranges except 2500 meters. Figure 21 shows the effects of modulation and
blur and their interaction as a function of target range.

At the 1500 meter range, as blur was increased, the effect of modulation upon hit rate
became greater. For the no blur condition, modulation had no significant effect. The mean
hit rate across all modulations was 0.958. For the blur radius 8 condition, the 0.1 and
0.85 modulations differed significantly in their effects upon hit rate. The 0.1 modulation
was found to differ from both 0.3 and 0.85 for the blur radius 12 condition. At this range,
the effect of blur was significant only at the lowest modulation, where the no blur and the
blur radius 8 conditions both differed from the blur radius 12 condition in their effects
upon hit rate.
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Hits as a function of modulation and biur:
range = 1500 m

Hits as a function of modulation and blur:
range = 2500 m

Hits as a function of modulation and blur:
range = 3500 m

pHit

Hits as a function of modulation and blur:
range = 4500 m

Figure 21. Effects of modulation and blur upon hit rate at each target range.
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At the 2500 meter range, where modulation and blur did not interact, the 0.1
modulation differed significantly in its effects upon hit rate from both the 0.3 and the 0.85
modulations. The no blur and the blur radius 8 conditions both differed significantly from
the blur radius 12 condition.

At the 3500 meter range, the effect of modulation became greater with increasing blur.
The 0.1 modulation differed from 0.3 and 0.85 at all levels of blur. Conversely, the effect
of blur was found to be greatest at the lowest modulation, where the no blur condition
differed significantly from either of the blur conditions in its effects upon hit rate. At 0.3
modulation, the no blur condition differed only from the blur radius 12 condition; and at
the 0.85 modulation, there was no effect of blur at all.

The same interaction pattern is evident at the 4500 meter range. As blur was
increased, the effect of modulation became greater. Modulation had no significant effect
upon hit rate at the no blur condition. At the blur radius 8, 0.1 modulation differed from
0.85. At blur radius 12, 0.1 modulation differed from both 0.3 and 0.85. Blur had a
significant effect upon hit rate only at the lowest modulation where the no blur condition
differed from both of the blur conditions.

For false alarm rate, modulation was found to have a significant effect at the 1500
meter range, and both modulation and the interaction of modulation and blur were found
to have significant effects at the 2500 meter range. Neither modulation nor blur were
found to significantly affect false alarm rate at the 3500 and the 4500 target ranges.

At the 1500 meter range, false alarm rates were 0.077, 0.031 and 0.015 for the 0.1, 0.3
and 0.85 modulations, respectively. Only the 0.1 modulation differed from 0.85 in their
effects upon false alarm rate.

At the 2500 meter range, the effect of modulation was found only with blur;
modulation had no effect upon false alarm rate for the no blur condition. Blur was found
to have a significant effect only at the highest modulation where more false alarms
occurred for blur radius 12 than for blur radius 8.

Discussion

The mean hit rate for the 2500 meter target range was significantly lower (0.79) than
that of the other three target ranges (0.87, 0.86 and 0.85 for 1500, 3500 and 4500 meters,
respectively). However, this was due to the low hit rates at the more difficult conditions
of modulation and blur (0.375 vs 0.453, 0.531 and 0.484). The hit rate at the less difficult
conditions differed little from that at other target ranges (0.968 vs 0.984, 0.968 and
0.984).

The modulation by blur interaction effect upon hit rate at the 1500, 3500 and 4500
meter ranges was not surprising. At all ranges, the effect of modulation was greater with
increased blur. Conversely, the effect of blur was greater with decreased modulation. The
same trend was evident at the 2500 meter range, although the interaction was not
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statistically significant. This may be due to the more pronounced effect of blur at all
modulations.

As was the case for the detection experiment, there were few significant effects upon
false alarm rate. In fact, at the 3500 and 4500 meter target ranges, there were no
significant effects for modulation or blur. The mean false alarm rates for these two target
ranges differed significantly from each other. As there were no other significant effects at
these ranges, the difference must be attributed to target range itself. There were no other
significant differences among the mean false alarm rates at the four target ranges. The
widest range of false alarm rates again occurred at the 2500 meter target range (0 to 0.176)
and seems to be purely an effect of modulation.

Due to the paucity of interesting effects as a function of target range, it was decided to
carry only one target range into the primary recognition experiment. The 3500 and 4500
meter ranges were eliminated due to the lack of significant effects for false alarm rate. The
2500 meter target range was selected for further experimentation, because the effects of
modulation and blur upon both hit rate and false alarm rate were somewhat more
pronounced at this range than at the 1500 meter range.

Recognition Experiment

The purpose of the recognition study was to apply theory of signal detection
methods in evaluating the effects of modulation, blur and noise upon the target recognition
task. These methods allow operator hit rates and false alarm rates to be combined into a
single measure of perceptual sensitivity, d’. In addition, Receiver Operating
Characteristic curves are generated which show graphically the effects of operator
decision criterion upon target recognition performance. A thorough understanding of the
interaction of the effects of blur, modulation and noise upon operator target recognition
performance provides information for system design trade-offs.

Method

Subjects: The subjects were the same eight trained observers who had participated in the
previous studies.

Stimuli: The stimuli used for this experiment were the eight internal contrast, range =
2500 meters, stimuli from the recognition pilot experiment. Again, the images were of
eight targets in four classes. All targets were imaged at the 45 degree aspect angle and the
Medium background clutter condition. Every image contained a military vehicle; no
background-only image chips were included.

The same three levels of image blur were used as for the two pilot studies. This
resulted in 24 images.
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At the time of presentation, each of the resultant 24 images was further processed to
achieve one of nine combinations of three levels of modulation and three static noise
conditions. The three levels of modulation were again 0.1, 0.3 and 0.85 as defined by the
formula for Michelson Contrast. In addition to a no-noise condition, two levels of static
noise were created. Gaussian noise distributions of 5122 pixels, having the same mean as
the image and standard deviations of 6.0 and 10.87, were created in a separate image
channel. At the time of image presentation, a single pixel of the noise distribution was
selected at random to correspond with the upper left corner of the image. One half of
each noise pixel intensity value was then added to one half of the corresponding image
pixel intensity value to produce the “noisy” image. This resulted in 216 images (54 per
target class, 27 per target). Figures 22 and 23 show the M-1 tank at all combinations of
modulation and blur with the low and high levels of noise respectively. (The no noise
condition is shown in Figure 12.)

The normalized least squares error (NLSE) was used as a measure of the difference
between the no noise image and the corresponding noisy images. The NLSE is defined by
Pratt (1991) as

S Y FGH -GG, kY

7=1 k=1

> 2GRN

J=1 k=

NLSE =

—_—

where:
F(j, k) is the no noise image
G(j,k) is the noisy image.

The average NLSE for the low noise images was 0.014, while that for the high noise
images was 0.445.
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Equipment: This experiment was conducted in the VIPER laboratory using the same
equipment as described for the pilot experiments.

. Training: Training was the same as the recognition pilot experiment with the exception
that subjects trained on only the 2500 meter target range images.. A practice run consisted
of 32 images; each of the eight target images was repeated four times at the 2500 meter
target range. The training criterion remained the same as the pilot experiment; two out of
three successive practice runs with a score of 90 percent or greater on the first pass.

Immediately before beginning each experimental session, the subjects were required to
do at least one practice run with the criterion score of 90 percent or greater on the first
pass. If they failed to do so, they continued to repeat the practice until they had achieved
the score of 90 percent or greater on two out of three successive runs.

Procedure: Each subject ran eight two-part sessions. For each session one of the four
classes of vehicles was designated as the “target” class. The other three classes were
designated as “nontargets.” For a given session, all possible combinations of noise, blur
and modulation were presented four times for each of the two vehicles in the designated
“target” class, resulting in a total of 216 “target images.” In addition, 216 images were
presented from the three “nontarget” classes. The various conditions of noise, blur and
modulation were equally represented in the “nontarget” images. This resulted in 432
images per session. The order of presentation of the selected “target” class was varied for
each subject by using paired 4 x 4 Latin Square (Fisher and Yates, 1957) which were
repeated twice for a total of eight subjects.

The experimental procedure was the same as for the recognition pilot experiment.
Each subject viewed each combination of noise, blur and modulation 64 times for target
images and 64 times for nontarget images. Each individual vehicle was viewed eight times
as a target and eight times as a nontarget by each of the eight subjects at all 27
combinations of noise, modulation and blur. This resulted in a total of 27,648 stimulus

presentations (3456 per subject).

Results

Due to an error in the software for applying the static noise to images, it was
necessary to discard the data for all conditions including noise. The entire study was
rerun with the corrected noise conditions. The results from all images associated with the
“no noise” condition were retained. This resulted in 128 observations per subject for all
conditions not including noise and 64 data points per subject for all conditions including
noise. Therefore the data were analyzed using the SAS (1982) general linear models
(GLM) procedure for analysis of variance (ANOVA). The GLM procedure adjusts for
unequal numbers of observations among conditions being compared.

Two four-way, within subjects, fixed effects ANOVAs were performed using subject,
modulation, blur and noise as main effects and hit rate and false alarm rate as the
dependent variables. Tables 27 and 28 summarize the results of the ANOVAs.
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Noise, modulation and blur were each found to have significant effects upon both hit
rate and false alarm rate. They were also found to interact with one another significantly
in their effects upon hit rate and false alarm rate. These interactions are depicted
graphically in Figures 24 and 25. Further one-way ANOVAs were performed to examine
the interaction of the three variables. Post hoc analyses revealed that at no noise or low
noise and modulation of 0.1, hit rate differed significantly at all levels of blur. For all
other combinations of noise and modulation, the no blur condition and the blur radius 8
condition did not differ significantly from one another in their effects upon hit rate.
However the blur radius 12 condition resulted in significantly lower hit rate than either of
the other blur conditions. Only at the low or high noise condition coupled with blur
radius 12 did all levels of modulation have significantly distinct effects upon hit rate.
Otherwise, with no noise or less blur, the 0.3 and 0.85 modulations did not differ
significantly in their effects upon hit rate. Finally, for all levels of blur: (1) the three
levels of noise had significantly different effects upon hit rate at the lowest modulation,
(2) the no noise and low noise conditions did not differ significantly at modulation = 0.3,
and (3) none of the noise levels were significantly different from one another at the
highest modulation. Noise was found to have little or no effect upon false alarm rate at
very low modulation or in the presence of increased blur.

For each subject and each experimental condition, the theory of signal detection
measure of sensitivity, d’, and measure of decision criterion, Beta, were calculated. Two
additional ANOV As were then performed using subject, modulation, blur and noise as
main effects and d’ and Beta as the dependent variables. The results of these ANOVAs
are summarized in Tables 29 and 30.

As was the case for hits and false alarms, noise, modulation and blur each had
significant effects on d’ and the three variables interacted with one another in their effects
upon d’. This interaction is depicted graphically in Figure 26. Further one-way
ANOV As were performed to examine the interaction of the three variables. The effects
of the modulation by blur by noise interaction upon d’ closely follow those for hit rate.
That is, the modulation by blur interaction becomes more pronounced in the presence of
increased noise.

Beta was found to be affected significantly only by the interaction between
modulation and blur. Figure 27 shows Beta as a function of modulation and blur. Further
examination of this interaction revealed that of the nine combinations of modulation and
blur, only the modulation = 0.1 with no blur and the modulation = 0.3 and blur radius 12
conditions resulted in Beta values which were significantly higher than some (but not all)
of the other conditions.
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Source

Subjects (Sub)
Noise (Noi)

Sub x Noi
Modulation (Mod)
Sub x Mod

Blur (Blur)

Sub x Blur

Noi x Mod

Sub x Noi x Mod
Noi x Blur

Sub x Noi x Blur
Mod x Blur

Sub x Mod x Blur
Noi x Mod x Blur
Sub x Noi x Mod x Blur

Table 27

Recognition Experiment: ANOVA Summary for Hits

df

SS

37.6675
162.9819
24.7459
682.7816
29.9561
153.1540
5.0039
131.6090
19.7790
0.9238
4.7975
39.5106
4.1064
34.4417
12.8577

Table 28

F

46.10
125.86
242.48

46.58

1.35

47.92

18.75

0.0004
0.0001
0.0001
0.0001
0.2770
0.0001

0.0001
Er2

Recognition Experiment: ANOVA Summary for False Alarms

Source

Subjects (Sub)
Noise (Noi)

Sub x Noi
Modulation (Mod)
Sub x Mod

Blur (Blur)

Sub x Blur

Noi x Mod

Sub x Noi x Mod
Noi x Blur

Sub x Noi x Blur
Mod x Blur

Sub x Mod x Blur
Noi x Mod x Blur
Sub x Noi x Mod x Blur

df

1

7
2
4
2
14

2
14
4
28

4
28

4
28

8
56

SS

4.7396
3.9819
4.7530
15.9333
2.5424
6.3033
1.3684
1.1975
3.1896
0.2150
1.5164
0.8612
3.1482
2.4998
3.8529
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F

6.04
30.73
34.43

2.55

0.97

2.39

4.54

p

0.0129
0.0001
0.0001
0.0613
0.4374
0.0749
0.0003

0.0555
0.2324
0.0521
0.0448

0.0135
0.0117

0.4100

0.0045
0.0156

0.0071

0.0028
0.0300
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Figure 24. Hit rate as a function of noise, modulation and blur.
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pFA

modulation

blur

FAs as a function of modulation and blur;
no noise
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modulation
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FAs as a function of modulation and blur;
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Figure 25. False alarm rate as a function of noise, modulation and blur
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Table 29

Recognition Experiment: ANOVA Summary for d’

Source df SS F p
Subjects (Sub) 7 11.6269
Noise (Noi) 2 57.6332 55.75 0.0001
Sub x Noi 14 7.2360
Modulation (Mod) 2 269.1533 401.13 0.0001
Sub x Mod 14 4.6969
Blur (Blur) 2 98.7733 317.46 0.0001
Sub x Blur 14 2.1779
Noi x Mod 4 19.3949 41.30 0.0001
Sub x Noi x Mod 28 3.2875
Noi x Blur 4 0.8847 1.79 0.1590
Sub x Noi x Blur 28 3.4608
Mod x Blur 4 8.0809 13.75 0.0001
Sub x Mod x Blur 28 4.1154 .
Noi x Mod x Blur 8 10.6063 9.05 0.0001
Sub x Noi x Mod x Blur 56 8.2003

EI'Z

Table 30
Recognition Experiment: ANOVA Summary for Beta

Source df SS F p
Subjects (Sub) 7 77.9409
Noise (Noi) 2 2.7741 0.44 0.6515
Sub x Noi 14 43.9417
Modulation (Mod) 2 8.6473 3.73 0.0504
Sub x Mod 14 16.2466
Blur (Blur) 2 4.5190 0.91 0.4263
Sub x Blur 14 34.8923
Noi x Mod 4 11.8279 1.76 0.1655
Sub x Noi x Mod 28 47.0995
Noi x Blur 4 3.0249 1.05 0.4017
Sub x Noi x Blur 28 20.2585
Mod x Blur 4 29.5606 3.89 0.0123
Sub x Mod x Blur 28 53.1492
Noi x Mod x Blur 8 16.4593 1.10 0.3762
Sub x Noi x Mod x Blur 56 104.6039

21_2
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0.1391
0.5204
0.1672
0.0491

0.0143

0.0274

0.9195

0.0424

0.0424
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d' as a function of modulation and blur;
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Figure 26. d’ as a function of noise, modulation and blur.
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modulation

blur

Beta as a function of modulation and
blur; all noise levels

Figure 27. Beta as a function of modulation and blur.
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Discussion

While modulation, blur and noise each has its individual effects upon hit and false
alarm rates and d’, the interactions between the three variables in their effects upon hit
and false alarm rates is the really interesting and useful finding of this study. These
results indicate that in system design, there are trade-offs which can be made.

The paucity of significant effects for Beta indicates that subjects were able to
maintain a constant decision criterion across all experimental conditions. Only the
interaction between blur and modulation had the effect of causing subjects to shift their
decision criterion somewhat. Only for the two cases of very low modulation with no blur
and moderate modulation with high blur did they adopt a somewhat more stringent
decision criterion. For all other cases the decision criterion remained constant.

The implications for system design are even more evident when one views the
Receiver Operating Characteristic (ROC) curves which were generated as a result of the
confidence rating procedure employed in this study. Figures 28 thru 30 present the ROC
curves for all combinations of modulation, noise and blur investigated in this study.

The ROC curves show the probability of hits (vertical axis) and false alarms (horizontal
axis) at five different confidence levels. The first point to the right of the 0,0 anchor
indicates the probability of hits versus false alarms if only those target presentations for
which the subject responded “Definitely a target” were treated as hits and all others
treated as correct rejections (if nontargets) or false alarms (if targets). The next point to
the right indicates the probabilities of hits and false alarms if all targets for which the
subject responded either “Definitely a target” or “Probably a target” were treated as hits
and all others treated as correct rejections or false alarms. The third, or center, point
indicates the probabilities of hits and false alarms is all targets for which the subject
responded “Definitely a target,” “Probably a target” or “Possibly a target” were treated as
hits and those for which the subject responded “Possibly not a target,” “Probably not a
target” or “Definitely not a target” are treated as correct rejections or false alarms. The
fourth point to the right of the 0,0 anchor indicates the probabilities of hits versus false
alarms if all targets for which the subject responded “Definitely a target,” “Probably a
target” or “Possibly a target” and “Possibly not a target” were treated as hits and all
others treated as correct rejections or false alarms. The fifth point to the right indicates
the probabilities of hits versus false alarms if all targets except those for which the subject
responded “Definitely not a target” are treated as hits.

Clearly, as we move from left to right on the ROC curve we observe the effects of
changing decision criterion. The first point shows the effect of a very strict decision
criterion where the observer must be able to say “Definitely a target” in order for a hit to
be declared. Each successive point to the right allows for a more lax decision criterion
until, finally, anything which the observer cannot declare to be “Definitely not a target” is
treated as a target declaration.
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Figure 28. ROC curves as a function of modulation and blur; no noise.
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Figure 29. ROC curves as a function of modulation and blur; low noise.
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Figure 30. ROC curves as a function of modulation and blur; high noise
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Another approach to predicting operator performance as a function of modulation,
image blur and noise is through regression analysis. The SAS Institute (1982) RSREG
procedure was utilized which fits the parameters of a complete quadratic response
surface. The R? value for the d’ regression was 0.87, indicating that 87 percent of the
total variance in the data was accounted for by the model. The predictive equation for d’

is as follows:

d=203-5.74N +12.41M+.07B + 148 N* +4.67NM —10.79M*+.05 NB+.07MB—.02 B*
where N = noise, M = modulation and B = blur radius.

The equation for predicting the probability of a hit is similar:
p(hit) =61-122N +237M+.005B+.44N* +1.23NM - 2.29 M?~0004 NB+03 MB-.003 B>
having an R? value of 0.84.

The R? value for the regression to predict probability of false alarm was quite low at
only 0.48. This is not surprising, as the false alarm rates for all conditions studied were
quite low and varied very little. Beta also varied very little, indicating that subjects
maintained a nearly constant decision criterion across all experimental conditions. The R?
value for Beta was 0.06.

The above equations can be used to predict operator target recognition performance in
terms of d’ and probability of hit for any combination of modulation, blur and noise
within the ranges studied in this experiment. Although the regressions did not yield
useful predictive equations for probability of false alarm and Beta, the values of these
parameters wound not be expected to differ significantly from those measured in the

experiment.

72




CHAPTER 4
SUMMARY

Three target acquisition experiments were conducted using simulated infrared imagery
of eight military vehicles. The first, a target detection study, required subjects to declare
whether or not a military vehicle was present in an image. The succeeding studies were
recognition studies which required the subject to determine whether the vehicle present in
an image belonged to one of four classes.

Variables of interest in the detection study were target internal contrast, target range,
scene modulation and blur. Only slight effects of modulation and blur were evident for
the no-internal-contrast target condition, so this condition was dropped from further
study. Although target range was found to have significant effects upon hit and false
alarm rates, these effects were not explainable in terms of ground resolved distance.
Although the effects of modulation and blur were significant at all target ranges, and their
interaction was significant at all ranges except 3500 meters, these effects were somewhat
more pronounced at the 2500 meter range. In all cases of the modulation by blur
interaction, the effects of modulation were greatest in the presence of blur, and the effects
of blur were greatest at the lower modulations. There were no significant effects upon
false alarm rate at any of the four target ranges.

7

The recognition pilot study employed the same levels of target range and scene
modulation and blur as did the detection study. Only targets having internal contrast
were used in the recognition studies. As with the detection study, target range
significantly affected hit rate, but not in such a way as to be explainable in terms of
ground resolved distance. (The 2500 meter range resulted in the lowest hit rate.) The
same is true for the effects of target range upon false alarm rate. Modulation and blur
significantly affected hit rate at all target ranges, as did their interaction at all ranges except
2500 meters. Modulation significantly affected false alarm rate at the 1500 and 2500
meter ranges, as did the modulation by blur interaction at the 2500 meter range. There
were no significant effects upon false alarm rate at the 3500 and 4500 meter ranges.

The modulation by blur interaction in all cases behaved as it had for the detection
study. That is, the effects of modulation were greater in the presence of blur, and the
effects of blur were greater at the lower modulations.

The effects of modulation and blur were most pronounced at the 2500 meter range for
both hit rate and false alarm rate. Therefore, the 2500 meter target range images were
selected for the next recognition study.

The final study examined the effects of scene modulation, blur and noise upon target
recognition performance and applied the theory of signal detection in the analysis of the
data. Modulation and blur were found to interact significantly with noise in their effects
upon both hit rate and false alarm rate. The interaction of modulation and blur followed
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the same pattern as described for the two previous studies. With the addition of noise in
the current study, the interaction of modulation and noise became more pronounced with
increased noise.

ROC curves were produced from the theory of signal detection rating scale procedure
which allow one to examine target recognition performance at any combination of
modulation, blur and noise. In addition, these curves allow one to examine these effects at
various levels of operator confidence in the target recognition decision.

Regression analyses were utilized to derive equations which can be used to predict
operator target recognition performance. These equations can be used to predict d’ and
probability of hit for any combination of modulation, blur and noise within the ranges
studied in this experiment.
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CHAPTER 5
DISCUSSION AND FUTURE DIRECTIONS

The interaction of modulation, blur and noise in their effects upon target recognition
performance has important implications for trade-offs that may be possible in system
design. The interaction of modulation, blur and noise in their effects upon target
acquisition performance indicates that moderate amounts of blur and/or noise do not
hinder performance greatly if modulation is sufficiently high. Data from the recognition
experiment indicates that observers were able to achieve hit rates of greater than 90
percent with very low false alarm rates when the worst-case noise and blur conditions
were applied to the images with modulation of 0.85. When modulation was dropped to
0.1 with the same conditions of noise and blur, performance was no better than could
have been achieved by chance. The effects of blur and noise together is more detrimental
to performance than the effect of either alone. Conversely, when blur and noise were
kept to a minimum, the observer was able to perform the target acquisition tasks almost
without error at the 0.1 modulation level. The ROC curves in Figures 28 through 30
provide a means for rapidly assessing the effects of the various levels of the three
variables studied. This data would allow system designers to assess effects of various
system design changes and select those changes which are most advantageous in terms of
both feasibility and cost as well as improved system performance.

Application of the theory of signal detection to the study of human target recognition
performance allows for the separation of perceptual sensitivity and operator decision
criterion. The ROC curves in Figures 28 through 30 indicate observer target recognition
performance at six different levels of observer confidence. The payoff for correctly
classified targets and the costs for false alarms and misses play an important role in
determining how well the entire system must perform.

Highly trained observers are able to maintain a relatively constant decision criterion
across a wide range of image quality conditions. The analysis of Beta from the
recognition experiment indicate that for only two of the nine combinations of modulation,
blur and noise studied, did observers shift their decision criterion somewhat.

One must keep in mind that there may be differences between statistical significance
and operational significance. While an increase in probability of a hit from 0.86 to 0.92
as a result of increasing modulation may be statistically significant, it may or may not be
worth the increased cost of building a system which delivers the higher modulation.

The target acquisition studies described here employed a limited target set at only one
aspect angle. A larger target set presented at various aspect angles would add to the
realism of the task and might greatly influence both operator target acquisition
performance and operator confidence. '
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Scene clutter was not included as a variable in these studies. While a moderate amount
of scene clutter was present in all images, it was constant with respect to the targets.
Varying the amount of clutter may introduce spatial frequencies similar to those within
the targets and increase confusibility of terrain features with the targets. This is a
possible explanation for lower hit rates at the 2500 meter target range in the recognition
pilot experiment. Also the targets in the studies were not at all obstructed from view by
scene clutter. Varying amounts of target obstruction may affect target acquisition
performance and operator confidence. Spatial frequencies of clutter similar to spatial
frequencies inherent in the targets would be expected to cause the most difficulty.

Clearly, the variables studied do not operate in isolation in their effects upon target
acquisition. Care should be taken to examine their interactions with any new variables
which might be introduced in further studies.
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APPENDIX A

Consent Form and Instructions to Subjects
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HURC PROTOCOL 90-89 OCT 9§

TION PROTE Y Vv F 1974
CONSENT FORM

TITLE: TRIM2 TARGET RECOGNITION

1. Models of human visual perception are being evaluated for their utility in predicting target detection and
recognition capabilities of human observers. This experiment, a target recognition study, will consist of
nine blocks of 20 to 30 minutes each. The first block will be a training session and will also include visual
acuity and contrast sensitivity tests. Each of the succeeding eight blocks will consist of two sessions of 10-
12 minutes each. The experiment utilizes simulated Forward-Looking Infrared (FLIR) imagery.

2. If I decide to participate, all necessary procedures will be explained. I will have the opportunity to ask
questions and to rehearse the procedures. The experiment will be conducted in the Crew-Aiding and
Information Warfare Analysis Laboratory (CIWAL) at the Human Engineering Division of the Armstrong
Laboratory at Wright-Patterson Air Force Base, OH. During the experiment, I will be asked to perform
the following tasks: 1) classify targets as one of four types and 2) provide confidence ratings of my

responses.

3. The test environment does not represent any unusual or risky procedures or equipment. There are no
drugs or medical procedures involved in this demonstration. Data collected in this study will be treated so
as to protect my privacy. Data presented or published will not identify individual subjects. Results of this
study wiil be available to me upon request.

4. Participation in this study will afford me an opportunity to assist in the further development and
enhancement models of human vision.

5. There are no alternative methods for obtaining these data. I shouid incur no personal risk as a result of
my participation.

Subject’s Signature Date
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HURC PROTOCOL 90-69 OCT 95

PLEASE CAREFULLY READ AND FILL IN THE FOLLOWING SECTION

6. L am participating becanse I want to. The decision to participate
in this research study is completely voluntary on my part. No one bas coerced or intimidated me into participating
in this program.

has adequately answered any and all questions I have asked about this
study, my participation, and the procedures involved, which are set forth in this Agreement. I understand that the
Principal Investigator or his designee will be avaiiabie to answer any questions concerning procedures throughout
this study. [ understand that if significant new findings develop during the course of this research which may
relate to my decision to coatinue participation, I will be informed. I further understand that | may withdraw this
consent at any time and discontinue further participation in this study without prejudice to my entitlements. 1 also
understand that the Medical Consuitant for this study may terminate my participation in this study if he/she feels
this to be in my best interest. I may be required to undergo certain further examinations, if in the opinion of the
Medical Consuitant. such examinations are necessary for my health or well being.

7. Minimal Risk. Minimat risk means that the risk of harm in the proposed research is no greater, considering the
hazard probability and severity, than the risk encountered in daily life or during the performance of routine
physical or psychological examinations or tests.

8. I understand that my entitlement to medicai care or compensatioa in the event of injury are governed by federal
laws and reguiations, and that if I desire further information I may contact the Principal Investigator.

I understand that [ will not be paid for my participation in this experiment.

I understand that my participation in this study may be photograpbed, filmed, or audio/videotaped. I consent to the
use of these mexdia for training purposes and understand that any reiease of records of my participation in this study
may only be disclosed according to federal law, inciuding the Federal Privacy Act. 5 U.S.C. 522a, and its
implementing regulations. This means personal information will not be released to an unauthorized source,
without my permission.

I FULLY UNDERSTAND THAT I AM MAKING A DECISION WHETHER OR NOT TO PARTICIPATE.
MY SIGNATURE INDICATES THAT I HA VE DECIDED TO PARTICIPATE HAVING READ THE
INFORMATION PROVIDED ABOVE.

VOLUNTEER SIGNATURE SSAN DATE TIME
PRINCIPAL/ASSOCIATE INVESTIGATOR DATE TIME
WTTNESS SIGNATURE DATE TIME

INFORMATION PROTECTED BY THE PRIVACY ACT OF 1974

Authority: 10 U.S.C. 8012, Secretary of the Air Force; powers and duties; delegation by; implemented by DOI 12-1,
Officer Locator.
Pnrpue is to request consent for participation in approved medical research studies. Disclosure is voluntary.

ine Use: Information may be disclosed for any of the blanket routine uses published by the Air Force and
reprinted in AFP 12-36 and in Federal Register 52 FR 16431.

79




TARGET DETECTION STUDY
INSTRUCTIONS TO SUBJECTS

During each session of this study, a series of images will be presented. Approximately half of the images
will contain targets like those shown in the accompanying photographs. The other half of the images will
be empty background scenes (that is. scenes containing no targets). The images are of scenes at four
different ranges from the sensor (1500, 2500, 3500, and 4500 meters). Therefore the targets will not
always appear to be the same size on the display. Examples of how the targets will look at the four ranges
are shown in the photographs.

Your task in this study is to indicate whether or not you believe that a target was presented in each of the
presented images. The study procedure will be as follows.

You will be seated in the VIPER subject booth approximately 30 inches from the display. While no head
restraint will be used. you are requested to keep your chair and head touching the back wall of the subject
booth. This is so that we can maintain the 30-inch viewing distance. PLEASE DO NOT LEAN
FORWARD OR MOVE THE CHAIR FORWARD.

At the beginning of the session. a medium gray screen will come up on the display with the word READY
in the center. When you are ready to view the first image, move the trackball slightly. The image will
appear immediately and will remain on the display for one second. This wiil be followed by 2 medium
gray screen with the word RESPOND in the center. At this time you will press one of six buttons on the
control panel to indicate whether or not you believe a target was present in the image. The button
responses are as follows:

Target definitely present. Target definitely NOT present.
Target probably present. Target probably NOT present.
Target possibly present. Target possibly NOT present.

A diagram is provided above the control panel to remind you of which button is associated with each
possible response. Please press only one button for each image.

After you press one of the buttons to make your response, the READY screen will appear for the next
image. Repeat the above procedure tor each image.

Each session consists of a total of 384 images. While it is estimated that you will finish a session in 15
minutes or less, time is not so critical as accuracy. Once you press a response button, you cannot
change your resp So please respond carefully to each image. If you should make a mistake,

simply continue with the session.

Note: The images in the photographs are of high contrast. They have not had noise added. They have not
been blurred. During the course of the experiment, the amount of contrast in the images will be varied.
Noise may be present in the images. Images may be blurred.

Remember: We are not testing your individual ability to detect targets. We are testing the utility of
models for predicting human target detection performance. Your target detection data is needed, along

with that of several other subjects. to evaluate the ability of the models to make predictions. So please
answer as carefully and honestly as possible in indicating your level of contidence.

THANK YOU FOR TAKING PART IN THIS STUDY.
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TARGET RECOGNITION STUDY
INSTRUCTIONS TO SUBJECTS

During each session of this study, a series of images will be presented. Each image will contain a military vehicle
from one of the four classes ( tank, APC, wheeled vehicle, or artillery). For each session, only one class of
vehicles will be considered as targets while those of other classes will be considered non-targets. The target
class will change for each session. You will be told at the beginning of each session which class of vehicles are
targets for that session. Approximately haif of the images will contain vehicies from the target class. The other half
of the images will contain vehicles from the non-target classes. The vehicles were imaged at a range of 2500
meters from the sensor, the same as the practice images. Your task in this study is to indicate, for each presented
image, whether or not you believe that a target vehicle was present. The study procedure will be as follows.

You will be seated in the VIPER subject booth approximately 30 inches from the display. While no head restraint
will be used, you are requested to keep your chair and head touching the back wall of the subject booth. This is so
that we can maintain the 30-inch viewing distance. PLEASE DO NOT LEAN FORWARD OR MOVE THE
CHAIR FORWARD.

At the beginning of the session. the designated targets for that session will be displayed on the screen. These targets
will be two vehicles from one of the four ciasses (tanks, APCs. wheeled vehicles, or artiliery). All other vehicles,
belonging to the other three ciasses, will be non-targets for that session. It is very imponant that you remember
which class of vehicles are targets for that session. You may want to write it down, as it is easy to get confused
when doing multiple sessions.

After you have viewed the targets and non-targets for that session, a medium gray screen will come up with the
word READY in the center. When you are ready to view the first image, move the trackball slightly. The image
will appear immediately and will remain on the dispiay for three seconds. This will be followed by a medium
gray screen with the word RESPOND in the center. At this time you will press one of six buttons on the control
panel to indicate whether or not you believe the vehicle in the image belonged to the target class. The button
responses are as follows:

Target definitely present. Target definitely NOT present.
Target probably present. Target probably NOT present
Target possibly present. Target possibly NOT present.

A diagram is provided above the control panei to remind you of which button is associated with each possible
response. Please press only one button for each image.

After you press one of the buttons to make your response, the READY screen will appear for the next image.
Repeat the above procedure for each image.

Each session consists of a total of 216 images. While it is estimated that you will finish a session in 15 minutes or
less, time is not so critical as accuracy. Once you press a response button. you cannot change your response. So
please respond carefully to each image. If you should make 2 mistake, simply continue with the session.

Note: The images that you saw in the practice sessions were of high conwrast. They did not have added noise. They
were not blurred. During the course of the experiment, the amount of contrast in the images will be varied. Noise
may be present in the images. [mages may be blurred. Some of the images may be very difficuit. Do not be
discouraged, but continue to do the best that you can.

THANK YOU FOR TAKING PART IN THIS STUDY
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APPENDIX B

Study Materials
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U1 MBT witn 105 mm qun guring exercises in West Germany (Michei C Klaver)
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TANK (M-1)

Description (M1A1)}

The nuil and turret of the M1 18 Ot agvancea armour construction similar
to the Chobham armour developed in the United Kingaom ang aiso used
on the Challenger and Leopara 2 MBTs. This gives protection aganst
ATGWSs ang other pattiehield weaoons.

The griver s seated at the tront of the venicie in the centre and operates
the venicie 1rom a sefm~reciining position when aniving with the hatch
closed. Steerng 13 accompiished by rotaung 3 motorcycte type T-bar
which actuates the steerning lever on the transmission (o produce the
steering speed Dias Of the tfack. At DOtR enas of the T-bar are twist
gnp controls wnich serve as the throttie tor the electromc tuel
management system. The conaition of fluid leveis. filters, Datteries.
electrical CONNECtors and Circuit breakers are cisplayed on the drivers
maintenance monitornng pane:. The ariver is proviced with a single natch
Jpening 1o the rght with three integral periscopes tor observation when
:ne hatch is c1osed. The centre penscope can be reptaced by an image
ntensification penscope for mgnt driving. The dniver s has 120° heid-
St-view ana NIs Mignt arving penscope wil fitinto the ioaaer s perniscope
nousing tor night time surveillance.

The commander and gunner are seated on the rignt of the furret and
e ipager on the left. The commanger s provioed with Six periscopes
W~PICh cover 360° as weil as a signt witn a magrincation ot -3 for tne
2 7 mm machine gun mounted Over Nis DOSIION ana an Optical extension
5t the gunners primary signt. The gunner has a prmary signt (GPS)
~th dual day 0DNICS with 3@ magniication of  '0 fnarrow feld-ot-viewr,
magritication of 3 1wige hetd-0f-view). Ci0Se--h surveimance magaifi-
3uon of ' 3nd an 18° heid-Oi-view. tNErMal iMaging NigNt vision oplics
~un a magaiication ot 10 narrow tield-ot-view), magrihcation ot 3
wide 1eig-0t-view), SigNT StaDHsaton 1n elevation ang a rughes laser
.angenhnger The turret is StaDiises i azimuth with a compensaung
Jraucuie anve to xeep the aim poINt On target in cettection

“he qQunners auxiiary sight (3 <olimorgen moge! 93%9) has a
magniication of -8 angd an 8° hetd-of-view The 10aaer 13 provided with
2 penscope with a MagMtication of -1 wnich can de traversed througn
360°

The ftire cONtrot system ctudes the laser rangehinder. tull soution
solid-state 01Gital COMputer ana sladiiseo Gay/thermat nignt Signt. The
stabiisation systern permits accurate firing-on-the-move and the gunner
merely places mis graucule on the target. Lses Ine 1aser rangetinder
:Neodymium YAG) (0 aetermine the range The comouter then getermines
2RG 2DDIES the weapON 31GNt Offset angies necessary 10 ootain a target
nit 2ano the gunner opens hre The main armament 15 equipped with 3
muzzie reterence sysiem 10 measure the oend of the qun informatton
1rom a wind sensor mounted On the turret ro0t and a pendutum static
cant sensor at the turret 100! centre s ted automatically to the computer
:0gether witn 1nputs 1fom Ine 1aser rangetinder ana the '€aa angie The
‘ollowing cata 's manuaily set Dattle sight range. ammunition type, parrel
wesr. Tuzzle reference compensauon Darometric Dressure and
ymmumition temperature

“he intra-red Therma: Imaqing System 1TIS) nas veen aeveloped DY
‘ne Hugnes Awcratt Company and Droguces an image by sensing the
smal giiference 1n neat ragiated by tNe ODIECIS 1N view. The aetecieg
=nergy s convarted N0 elecincat s1gnais whicn are aispiavyed on a
-atnoge ray tude. simuar to a TV piCture ana the »mage qgisplayed s
2rolected 1Mo (N eyepiece Of the Qunners iGNt !n acadiion. e sigat
3:3plays 1arget range intormanion and ndicates if the 1aser rangetinder
~as received More than One return The ODerator can se16Ct wNICh return

Y1 MBT showing commander 3 12.7 mm M2 H8 macnine qun anc wespon
a/tects simuiator over 105 mm main qun (Prerre Touin)

10 use 1f there is more than one displayed. Ready to fire ingication ana
confirmation that the Systems are working properly are 81s0 proviged.

The thermai imaging system generates 3 graucuie pattern poresighted
10 the day graticute and to tne iaser rangetinaer. This allows the gunner
t0 operate the TIS just as ne wouid the day sight. The intra-rea sight
/s pased on use Ot common modules. components stangardised 10
speciications of the US Army Night Vision and Eleciro-Optics Center.

The digital hre cONIrol COMPuter 13 producea in Canada oy Computing
Devices Company. a division of Controi Dats Canaoa Limited. The tire
Ccontrol Computer Naraware CONSISS Of an electronics unit and a separate
Jata entry ang test panei. The electronic unit contans the computing
slement. the Dower reguiators and intertaces with otner elements ot the
hre control system. The entry ana test panet coniains the keyboard.
control switches and 1ndicators, ana a numenc cisplay The tire control
-omputer carnes out a continuous maonitoring ot s internal function
ing memory. and oroviaes a visudl asplay ot any maitunction A manuaily
nitiated setf-test taciity gives fault d1agnoss in either unit of the system
10 the replaceaoie suo-assemoly level

Power tor the eleGiro-nyaraunc gun and turret drive system 13 proviged
Dy an enqme-anven pump through a shp rnng in the turret/nuli 1ntertace.
‘0 3 pOwer vaive in ine maniloid beneatn the main armament

The crew compartment IS separateq from the tuel tanks Dy armour
Juikheads. Slldlng armour goors and armour protected boxes 1solate the
:rew trom on-0oard main armament ammumtion explosion An automauc
=aion hre-extinguisning sysiem 1 ihe tank reacts (Q the outbreax of
3 tire 1 two muhseconds and exunguisnes hres in less than 250
TiHiseconas. Reaay-use ammunition s stowea in the turret bustie and
n the event ot penetration oy a HEAT projecute. tnhe expiosion would
niow off the t0p panels with the crew deing protectea by the access
J00rs wruch are normaily kept In the closed position The ioader holds
ine sSwitch closed 10 keep the doars open. The goors ciose automaticaily -
wnen the pressure Switch s reneveo n agaition o venung upwaras,
'ne turret bustie magazine vents 10 the rear.

The M1 1s powerea Oy a Lycoming Textron AGT 'S00 gas turoine
The engine cperates primariy on diese: Of kerosene-o0aseq fuel. but can
operate on petrol dunng emergencies. Approximately 70 per cent of the
2ngine accessories and components can pe removed withou! removing
:ne powerpack trom the tank. The compiets powerpacx can be removeo
ang reptaceantess thanan nour comparec with tour nours tor the current
‘460 series. The gas (urbine ceiivers more Norseoower 1o the sprocket
‘han 2 comparaole diesel engine pecause of the iow cooling requirement
~he exnaust tor the gas turbine 3 at the rear of the nuit with the air
ntet on the hull 10D.

The engine 1s coupted 10 3 Detroit Diesel X-1100-3B fuily automauc
ransmission wath tour torwarg anag two reverse speeas The rransmission
1130 proviaes
steenng.

ntegral pranes. vanabie nydrostatic steefring ana pwot

M1 Abrams MBT on exercise in West Germany Snowing extensive siowage
Of kit ON turret aNa with COMMANaer s, I0RCEr $ anda driver's halches open
(US Army)
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TANK (M-60)

380804 L aamurs Lang Systems Uivisicn-ount M60A3 MBT with thermai sieeve ior 115 mm ME8 1anx qun ana Brilish-supphed smoke dischargers

S tueeet g e

MEOAT MBT armed with 105 mm gun
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TANK (M-60)

Descnption (MEOAT)

The huti of the ME6DA1 1s made of cast sections and forged tloor piates
welded togather. it is Givided n10 Infee comoartments: drivers at the
tront. hghting in the centre and the engine ana ransmission at the rear.

The ariver i1s seated at the front of the venicie and s provided with
a singte prece Natch cover that opens 1o the nght. Three M27 pertscopes
are mounted forward of his hatch ana an M24 infra-red perscope can
oe installed 10 a mount In the centre of his haitch cover tor anving at
nignt. The M24 1s now being replaced by the AN/VVS-2 might viewer.
which 18 of the passive rather than intra-red type. A huli escape hatch
13 provided near the driver $ position.

The al-cast turret 1s 1n the centre of the vehicte with the loader on
the left and the commander and gunner on the nght. There 1s an externai
stowage baske! at the rear of the turret. The ioader 1s provided with
a single hatch cover that opens to the rear with an integral M37 periscope
that can e traversed througn 360°

The commander has a cupola that can de traversed through 360° by
hand. a singte piece hatch cover that opens and Swings 10 the rear, an
M28C sight in the forwarg part and erght vision blocks for ali-round
observaton. The M28C can be repiacea Dy an M36 intra-red periscope
or an M36E1 passive periscope for mignt vision. The gunner 18 seated
\n tront of and beiow the commanger and s provided with an M3t
pernscooe with a magniicaton of -8 ang an M1050 tetescope with 3
magnification of -8 ana a 75° heid-ot-view. The M31 periscope can
be reptaced by an M32 intra-req penscope or an MISE 1 passive periscooe
for mgnt engagement of targets. The M17A1 or M17C rangefinger has
a magmit:cation ot -10. a 4* hela-of-view ang a range ot between 500
ang 4400 m

The engine compartment at the rear of the nuli s separated from tne
ghting compartment by a lireproot Dulknead. and 1S equIPpea with a
fire-extinguisnINg system

The torsion 0ar SUSOENSION Svstem CoNsIsts ot six gual rupdber-tyred
1030 wheeis wilh the gler at the tront crive sprocket at the rear ang
inree track return rolters The hrst, secona and $ixih r030 wheel Stations
are provided with a hyarauilic sShock aosoroer

The NBC system of the M6E0 :s of the central air liltration type which
Dipes fresn air to each Crew memper wia @ tuoe. A luil range of night
V110N equIpMent 18 fitted as Standard iNcluding an intra-red searcnight
aver (ne main armament The latter s either the AN/VSS-1 or the more
recent AN/VSS-3A The tormer 1s a 22 kW Xenon unit that proviges
a narrow Or wide beam of high-intensity visible Or ntra-red hgnt. A 50
per cent increass «n ight intensity can e femporarily provided tor 1S
10 20 seconds by Overnding the searchugnt. It Nas a narrow deam width
210510 075° ang a wide beam width ot 15° The AN/VSS-JA can oe
useo 1n poth the visibte or intra-reqd moges with three types ot beam.
<ompact. spread or variapie wiath

The crew compartment i1$ provided with a heater ana 3 RADIAC NBC
getector can be fitted if requireq. The tank can tord to 3 depth ot 1219 m
withOut Dreparalion ana with preparation 1o 3 deoth of 2.438 m The
130Kk can aiso De fittea with an M9 builgozer dlade on the front ot the
null tor prepanng fire DOSINIONS angd ctearing oostacles.

Main armament of the M60. ME0A 1 ang ME0AJ tanks 1s 3 105 mm M68
“iiied tank qun with 3 DOTe evacuator A well-tra:negcrew can tire between
six ang eignt ras/min Ot the 63 rounas of ammumtion carried. 26 are
carried in the torwarg part of the huil. 1o e lett ang ngnt of the arivers

M60A3 MBT Irom rear.
<ommanger s cuo0ia on nght siae of turrer

clearty showing rear stowage Daske! and

position, 13 in the turret for ready use. 21 i1n the turret bustie and the
ramaming three under the gun.

The 105 mm gun can tre the following types of lixed ammunition:
APDS-T (M728), APFSDS-T (M735/M735A1), APFSDS-T (M774), APDS-
T IM392A2). APERS-T (M494), HEAT-T IM456 series). TP-T (M467), TP-
T (M490). TPDS-T (M724), TPOS (M737). HEP-T (M393A1/M393A2),
Dummy (M4S7), TP-T {M393A1), and Smoke WP-T{M4&16). The US Army
\s expected 10 start funaing of the new 105 mm XM9OOE? APFSDS rouna
tor the M60 series in FY89.

Mounted i the commander $ CUpOIa 1S an M8S 12.7 mm (0.50) machine
5un with an etevation of .60° and a depression ot - 15* Mounted coaxiaily
{0 the left of the man armamentis a 7.62 mm M73 mactine gun, currently
peing replacea Dy the M240 weapon which 18 the Beigran MAG-58.

A number of M60A1s are being updated with the RISE engine. man
armament fully stadihised N both elevation and traverse. tOD~I0adING N
clesner htted. new T142 tracks and improved night vision equipment.
Adaitionai detans of this programme are given m the entry for the ME0AJ.

M60A2

This moaei. tully described in Jane s Armour ana Artillery 1981-82 pages
93-94. has now been pnhased out of service with the US Army. A total
of 526 MEOA2s were Duiil and most have been sent Dack 10 the Anmston
Army Depot where tney will be converted to other uses Such 33 AVLB.
M728 Compat Engineer Venicies or Counter Obstacie vehicles.

M60A3 -
The MEOA3 (deveiopment designation MEO0AIEJ) 13 2 product-improved
MGOA1 and some of the improvements in the tank. tor exampte ihe 300~
on-stabiisation system. RISE engine. angd the smoke grenade launchers

were hirst titted 1o the MGE0AT some years 3GO.

MG0A3 MBT showing thermal sieeve for 105 mm M68 series tank gun

and bank of smoke aiscnargess eitner side of turrat
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U3 8ra SEy - R
8raaigv CFv tiearty sncwing covered tirng 0OrIS 1n MUl Sides ana with turret traversed 1o left (Prerre Touzint

W2 Bragiey intantey kenting vemicle witn TCW launcher retracted ana
~arches proppeg not o ¢ TRIN scaiel
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APC (M-2)

M2 Braciey infantry ighting vehicle with driver s hatch i open position
tMichael Green/US Army)

Description

The null of the M2 Intantry Fighting Vehicle is made of ail-weided
AlUMINIUM arMOur with SDACEd 13minate grmour hitted to the nuil, sides
ana rear Accoraing 1o FMC the armour of the M2 can defeat 95 per
cent of all of the types of DalliSTiC attack er ed Oon the

under IFV/CFV doctoine. Latest production M2A2/M3A2 Bradieys have
an 12l layer of steel armour pIus exploSIve reactive armour
tor increased dattienield survivadility

The driver sits at the front of the vehicie on the (eft and has a single
Diece hatch cover that opens (o the rear ang four penscopes. three to
the front and one to the left side. The centre tront periscope can be
regiaced by an AN/VVS-2 passive night periscope.

The engine compartment 1S 10 the ngnt of the driver. The engine 1s
coupted 1o 3 Genera: Electnic HMPT-500 hydro-mechanical transmission.
The tr design ¢ two ny pump/motor
assemolhies that utiise radist ball pistons and a umque geanng
arrangement L0 Drovide HON steer and Oropuision ranos. There are three
speea ranges with oversti lransmission ratios infinitely variadbte In an
ranges. There 1s a 3.2 kg Halon fixeq tire exunguisher in the engine
compsrntment and two 2.3 kg ones in the personnel compartment. n
aodition there 1S aiso 2 | 2 kg portatie raton tire extingquisher

The turret. which IS of welded steet and aluminium armour construction.
s mounted 1n the centre of the venicle on the rignt side with the gunner
sested on the left and the commanaer on the nignt. Each crew memoer
'3 Droviced with a singie DIece haich cover that opens to tne rear. The
qunner nas 3 combined day/thermal sight with an gplical relay for the
%o with magr 'S Ot +4 ana « 12, ana both crew members
have periscopes tor front and side observaton. In addition. proguction
+enicies are fittad with a fixed power. ayiight back-up sight whieh wil
allow the qunner or y sighting y 1n the event
2t primary sight tailure.

Main armament consists ot a McDonnel Dougias Helrcopter Company

ger

over

Drawing of FMC M2A2 Bradley IFV s
earirer M2A1 venicte (not 10 1/76th scaiel

g mawmn 1mpr

M242 25 mm Chain Gun with a 7 62 mm M240C machine gun mounted
coaxially to the nignht ot the main armament. The 25 mm cannon has
dusl feed and the gunner can seiect single shots. 100 or 200 rpm rates
of tire. The cannon will fire both Oerlikon 25 mm ana American M790
senes of ammumition including M791 APDS-T. M792 HEI-T and M793
TP-T The M791 will defeat the Soviet BMP-1 at 8 range of 2500 m. The
empty cartndge cases are automaucally ejected outside the turret.
Ci y under 1s the XM919 APFSDS-T round which will
have greatly increased D ct with the
current APDS-T M791 round.

The turret has 360° electnc ana the can be
trom - 1010 ~60°. The General Electric turret drive and stapilisation system
aliows the armament 10 be jaid and fired while moving across rough
country. The system consists of a traverse dnve assembly for positioning
and holding the turret, gun anve ly for g and
holding the ToW drive 1ssemply for 9 and
hotding the TOW missile launcher. a TO.W it mechamsm for raising
and lowerning the TOW launcner, eteciromc s=~trot gssembily. three gyro

'] 'S 'S har ang -

The TOW weapon subsysitem has been developed by the rugnhes
Aircratt Corporation under a CONtract worth $16.5 mition. .. hen traveling
the twin tube TOW fauncher 13 retracted ana hes along the left side of
the turret. The TOW system enabies the M2/M3 to gee
armour out to a maximum range of 3750 m. The TOW missite iasuncher
has an elevation of -30° ana a gepression of -20°

Two M257 electrically-operated smoke gers. with four
grenages in each. are mounted on the forward parn ot the turret. one
on either side of the main armament. In addition production venicles
are fitted with an engine smoke-generating system similar to that on
most Sowiet vehicles.

The M2 carries seven infantrymen: one si11s forward of the turret on
:ne left side facing the rear, one 1o the left of the turret facing the front.
one at the Ielt rear of the vemcle tacing inwards. two sit at the ngnt
rear facing the back ang two sit to the back ot the turret facing the
front. The commander aisc diSmounts with infantry. The M2A2 onty carnes
a six man squad ana the seal to the rear of the drivers position has
been enminated.

The intantrymen enter and leave the vehicle via a large hydraulicaily~
operated ramp at the rear of the hull. which has an ntegrat goor 1n the
left side. A single piece hatch cover that opens (o the rear 1S provided
over the top of the trcop comparnment. Six finng ports. two 1n each side
of the huil and two at the rear. each with 2 periscope over i, ensdle
the infantrymen 1o hre therr M231 5 56 mm weapons trom inside the
vehicle. The M2A2 has no side tinng ports but the ones in the ramo
are retained.

The suspension system inciudes torsion bars. and on esach side there
are $1x dual rubber-tyred r0ad wheeis with the drive soracket at the front
and the 1dier at the rear. There are two tracx return roliers that support
the inside of the track onlv, and one Jouble roiler, Hydraulic shock
aDSOrbers are hited 1o the first. secona. third ana SIXth r08d wheed S1ations.

18UCs
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APC (M-113)

U113 series APC leaving a river during exercises in West Germany win
trim vane erected at the front ot the hull (US Army)
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M113A3 with adg-on armour kit lor tncreased protection.
Jischarqgers ang armoured cupola with 12.7 mm M2 MG

smoke
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APC (M-113)

M113 Armoured Personnel Carrier Family

Oevelopment

In January 1956 deveiopment began of an air-transportable. armoured.
multi-ourpose venicie tamily, 10 provide a lightweight, armored personnet
carnier tor armour and nfantry units capadbie of ampnibious and 8i7-arop
Operslon. SUPErior Cross-Country Modiity and adaptation to muitiple
functions througn apphications of kits ana/or modifications of its
superstructure .

Prototypes of both alummium (T113) and steet (T117) were buiit ana
tested but ceveiopment of the T117 was cancelled n favour of further
development of the T113. This became the T!13E1 which was
stancargised as the M113 :n 1960 ang entered production at FMC's San
Jose tacility in eany 1960. Trials of a ciesel-engined mocei called the
T113E2 showed a st al impr ne \g range (trom 321
10 483 km) as weil 33 a reguction in fire risk. This mode! was standardised
as tne Carnier, Personnel. Full-Tracked. Armored, M113A1. 1n May 1963,
After stangardisation 10 pre-proguction venicles were buiit ang the
M113A1 replaced the M113 in proguction from Septemper 1964.

Description
The sil-weided aluminium null of the M113 protects the crew trom smait
arms tire gna snet sphinters.

The ariver sits at the front of the hull On the left side ana has a single
ptece hatch cover that apens to the rear. To his front ang ieft sice are
four M17 penscopes ana there s also an M19 intra-rea periscope in
s root hatch.

The engine compartment to the ngnt of the anver s posiLion 13 hitea
with a fire—extinguIsSnINg sysiem that can be operaled by the driver or
‘rom oulside the venicie. The air-iniet ana ar-outiet louvres ang the
exhaust pipe outiet are In the roo0f anc there 1s an engine access door
.n the front of the hull that hinges torwaras.

The power train consists of the power ptant (engine, transter gear case
ang transmission}, steenng control ditferental. pvot steer. final drive
ang 8ssocCiated crive shafts ang universal joints.

The commander sits to the rear of the enging compartment and has
a cupoia that can be traversed through a full 360°. hve M17 penscopes
and a single piece hatch cover. Pintie-mounted on the forwara oart of
the commander's cupola 1s a 12.7 mm (0.50) Browning M2 HB macmne
gun with an etevation of -53°. a deoression of -21° ana a total traverse
ot 360°. One nundred rounas of resdy-use ammumulion are carried for
this weaoon.

The intantrymen enter and leave the M113 via 3 power-opersted ramp
in the rear of the hull that opens downwards and has a door (n the left
side. Behind the commander's Cupola s 3n oblong hatch cover that opens
to the rear. DeMiNG whiCh 1S 3 domeq ventiiator The infantrymen traved
on seats aown each side of the huil. whicn can be tolded up 1o enable
the vemicie to be used as an ambulance of 10 carry Cargo.

The torsion DAar susDENsION either s;ae coNsists Of five qual rubber-
lyreq road wheeis with the drive sprocket at the tront and the igler at
ine rear There are no track return roilers ang the #irst and last road
whee! Stations are hitted with a Nydrautic SNOCK absorber A rubber tracx
snroud on each side of the hull CoNtrols the flow of water over the tracks
when the vemcle is alloat, The M113 s tully 13 being pr
n the water Dy 11S tracks. Steernng wnen afioat 1s the same as on lana.
Before entering tne water the two Dilge pumps are switched on anad the
trim vane. which fOlds Dack ONto the glacis plate when not In use. 1S
extenced at the front ot the hull.

The 9 kits are for mempers of the M113 famity antr-
mine armour boited on tront halt ot venicte bottom (includes buoyancy
aias). anchor xit (set of two for use with capstans for seit-recovery),
opuoyant side pods. comoinaton bulldozer/snow ptough, NBC detector
ang automanc alarm. full wigth duovant tnm vane. gun snieids, heater
‘or personnet and cargo areas. neater tor engine coolant and battery.
stretcner kit wnICh pProvides supoort tor tour siretcners wnen tne venicie
s oeing used as an ampulance. MBA3 gas-particulate umit includes M2A2
Qir puriher with fiexible noses 1o 1t M14A1 tank gas masks Of ariver
ang commanger and up !0 wo others: non-sxid ramp plate xit and
~ingscreen 10r driving with hatch open
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M113A2 (formeriy Product improved M113A1)
Following successtul trials with Drototype venicies the Unitea States Army
1n 1978 deciaed to carry out a Proguct improvement programme on its
tieet ot M113 (5300) and M113A1 {12 700) APCs. ait of which are to de
brougnt uo to the new stancard by 1989. The conversions are being
carriea out at the Red River Army Depot Texas. Daewo industries in
South Korea anc Mainz Army Depot. West Germany. The Army plar
to have 21 323 Product improved M113A13 in service by the enc 0f hsc
year 1983. The US Army ais0 orgered an imtial batch ot 2660 M113A2s
at a cost of $154 malion. the first of which were compieted at FMC's
San Jose faciity in July 1979, These imp NS can be st

as follows:

Improved engine cooing design that reverses the oositton of the tan
ang ang incor a newr ana surge tank and a new
coohng fan. This new COONNG System Craws in ampient awr througn the
ragiator providing InCreased cooling etticiency tor both the engine ana
transmission, reguces o Him and dust build~-up on the core ot the radator.
provices a negalive pressure engine comoariment which reguces the
possibility of exnaust fumes ieaking INto the crew compartment anad hinally
provices a longer engine tie ana grealer tractive ettort at requced
temperstures.

The improved suspension system incorporates nign-strength steel
1orsion bars tnat provide 228 mm of roadwnesl travel. improvea shocx
aosorpers on the tirst. second and hith roag wneel stations. stronger
rear 1dler assemdly which has aiso been raised to requce the chance
of ground impact and tnally ncreased ground clearance o munimise
sprocket ground CONtact on rough terramn,

QOther M113A2 variants such as tne MS577A2 ang the M125A2 are
currently avaiable. The M548 cargo carrnier with A2 improvements nas
been regesignated the MS48A1 ana first progucuon venicles were
comoieteo in 1382

Rear-mounted. armoured fuetl cetls are a current produclion option
ana many non-United States orgers are calhing tor their instaianon This
option provides more INterior space and reduces the canger of fire
M113A1 venicies have now been phased out of proguction A 200 A
generatng system s avauable and is Deing phasea :nto production on
some venicle Mogeis, A kit 1S 3is0 avalapie

M113A3
in mid 1980 a Oevelooment-in-Process Review consisung ot Army
Matenal Commana, TRADOC and Logistics Evaluaton Agency memoers
recommenges to !he Oepariment ot the Army that the improve
M113A1E1, geveloped by TACOM at warren. Michigan -~~uid be tyoe
ciassitied tor US Army use M113A3 proguction commenced n early 1987
ang US Army units starteg receiving tnese venicies (n tne summer of
1987

The M113A3 incoroorates the coohng and suspension /mprovements
21 the M113A2 but aiso Nas Detter performance ang renaoiity Major

_morovements inciuge the reptacement of the 6V-53 {212 o) Giesei engine
Sv the turgo-chargea Detroit Oieser 6V-53T (275 ho! ang the reptacement
5t the opresent TX100-1 transmission. lranster gearcase. steenng
itferential ana PIvOL steer with the X-200-4 Allison transmission which
provides tour forward speeds instead Ot the present three. NyGrostatc
steering 10 Drovide SMOOINEr tUrNING with less effort ana reducea sNOck
10ading on the SuSDENSION System and grealer c° ver efficiency which
resuits in more norsepower ana tuel savings.

The Griver s CONITOlS Nave aisO been cnanged and the conventtonal
SHCKS have been repiaced by a Steering wneel ang brake pedal.

The US Army refers 10 this improvement as the RISE power train
.Reliabihity improvement of Selected Equioment: During deveiopment
1ests. a signiticant improvement {or the M113A1E ! over the M113A1 was
achieved including acceleration of 0 1o 32 km/nin 8 1 secongs compared
ath 117 secongs. braking trom a speeg of 32 kmsn in 7 3 comparec
aith 10 m cross-country speea of 33 7 km/n comoared with 26 km/n
For 48 270 km ot development tests the M113ATET went J047 km petween
taures as opposed 1o 1298 km for the standarg M113A1 At a speed
5t 354 km/n the venicle used 22 per cent less fuel than the M113A1
~he M113A3 has a 200 A generating system. four Datteries ana improved
2lectrical diagnostic capapihities to reptace the 100 A system win two
patteries in the M113A2 It 3Iso nas armoured external fuel tanks and
\nternal spail Drotection iners The three improvements 1RISE. AEFT ang
soall iners) wii be applied to the M301A1 ang M981 venices which will
secome the MOOTA2 ang M981A1 The tirst M113 tamuy variant to oe
convertea to the RISE power train were M730 Chaparrai carners The
2ntire US lleet ot 495 venicies wil be converted 1o the M730A2 betwe
13987 ang 1989.




WHEELED VEHICLE

(HMMWYV)

HMMWY M998 Series
Multipurpose Wheeled Vehicles

Development
Baseq on the draft specihcanon tor the Fhan Mobility
Mulipurpose Whaelea Venicie (HMMWYVI issued by the
S Army n mig-1979  AM Generat  Corporation
Semgnea and buIN @ DrOtOTYDE 1N the weapons carner
sontquration

The hrst prototype was compreted ¢ August 1980
nd was sent 10 the Nevada Autemotive Test Center 1or
=xtensve traas ana by Feoruary 1981 the prototvoe nNag
weumuiatea 21 0GC km of instrumented ana gvnamic
‘usting

AM (General Decame one ot hrae contengers
Iwarceqa a Ul Army CONtract 1o tne gesign andg con-
SrUEhion o 11 prototvype HMMWYVS (six weapons car
a3 AN five Uty ) wiNCh were Qeliver»Q 1n May 1982
o Maren 1953 AM General was awaraed a 359 8 manon
2OrRct Oy the US Army Tank Automotive Commang
TACCMI tor 1223 HMMWVS  wiucr: ware tnen aes-
“3teg the MUI8 Seoes wnothicially HUMMER, Tng
~2as the tirst incrament i a Iive-vear contract tor 53 9773
semCies worh approxmatery $17 nion Q! these
zome 33 00C were lor the US Army ang the remainger
ware oniaea between the US Ar Force Navy and the
Manne Corcs nmmiaity 31231 Proouction commenced
1t Mishawana inana. earty in 1485 Cortract options
‘¢ a turther 15 UOG were exerCised to onng tne total
oroguction oy mid- 1491 10 over 72 COC venicies. inciuc-
~q overseas saics

R L R R R S R I R

in August 1989 the US Army awargea AM General a
further MuMtwear CONrast wonn approxmately $1 ou-
«on The contract catls tor a turner 33 331 vercles untit
1993, with two turther option years Procuction unoer
the new comtract hegan in January 1990 ang oro-
quction for the US Armea Forces wil continue untn
March 1995. by which ime the US Armeg Forces wm
nave appeomimatety 100 000 HMMWVs A turther
10 000 unuts have peen oroered Dy 30 torenin qovern.
ments, incluang 2300 units purchasea by Saudh Araoia
0 mig-1991 a8 a cost ot $123 minon

1n sernce e MI9E Serres MMMWYVs reslaced some
M151 Jeeps. the M274 Mule (B30 inserwice). the M56 1/
2792 Gama Goat (11 000 n servicer ang tne M3BQ
senes {40 000 n servicer with 20 par cent Of the heet of
L4191s ang manv of the M880s beng replaced Dy the
Zommerciat Winty Carqo vericie ICUCVY

Description

Tra MMMWY Ras 2 - 2 seating on each si0e of the Crive
*£AM WRICH 1S 10 3 MESMID DOSITION ANDWING (21 1Rl ait
*arential 10 be raisea This logetner with the qeared
“uDs, Drowides 4 Qrounc Clearance o 01 m The
4JCANON Of the Crew ON @acn side Of the grve ram a1so
1/0WS 3 l1ow centre 0! gravity  The winashieid trame s
31rong eNougn 1O Serve as a ruit Dar and SUEDOr tof var-
;U equIpMent nav, ther puiars iSO Mmaxe the ballis-
‘ Caily Protectes weapon siation inherently $1ronq ana a
~leady 0Calon on which to Mount a varely of weapans
nucnas TOW. 7 62 ang 12 7 mm macrine quns ana the
MK 19 MOD3 40 mm arenage tauncher At ine rear the

<arQo bea 1s 1arge enouan 10 accommodate an S .-

S.MAr SPener winout Overnang: it aiSo acCommaxt.

the Stanoarg irtegrated Command Post Svute

-SICPS) snetter with a 1540 (381 mm) overnang
Proguction versions of the MMMWV can te «

~“ereg nto Numerous vanants Dy changing the b

Zontiquraton Thase contiqurations are.

4998 Car30/troco Larner without wincn

*11038 Carqo. troop Carner with wingn

M966 TCW Missite Carner. Dasic armour. withe

winch

211036 TOW Missiie Carner Dasic armour, with wark

1045 TOW Missie Carner supplememat armao

Atnout wnen -

M1046 TCW Missie Carner. suppiemental armour w

ainch

M1025 Armament Carner DasIC armour. without wi:

M1026 Armament Carnier DASIC 3armour, with wing!:

M1043 Armament Carner  supplemental  anmor

without wencn

M3044 Arnament Carner supplemental armour w

anich

WMUS7 Maxiampuiance d-ifter DasIc armour

M1035 Scntop Ampuiance 2-imer

1037 Sratter Larnier, without winch

MI0L2 Shetter Larner with wonch

“Y A0CIION 10 the aDove selectied appPIcation kits

a0ucea as 10rOwWS

“.1Q0/1:RCD Larner SoM-10D encidsure (2100 catt’

n1998

Cargostroop Carner $0M-t0D enciosure {4-000¢ catt”

AG98

T ———; 4

HMMWYVY M397 Maxramoulance with geep water fording kit
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WHEELED VEHICLE

(HMMWYV)

Cargo/troop Carner 501100 enciosure (2-900f Cab.
1ro0p seats) tor M1038

Cargortroop Carner s0ftto0 enciosure (2-000f €ab.
11000/ €argo) 1or M1038

Carqostroop Carner. SCR10D encidsure 14-000f CaD.
carqo) tor M1038

Armament Carner. Dasic armour with MBO 7 §2 mm
machine qun 1or M1026

Armament Carrier. supDiemental armour with M2 0.50/
12 7 mm machine gqun 1or M1044

Armament Carner. suppliemental armour with MK19
MOD3 grenace tauncner 10r M1043

Retrofiiable weapon station it for the M938/M 1028
wegnt 114 kq).

The MMMWYV has Deen agapted tor use as 3 Msie
1sunCn vemcie. Launcn venicles (xocuceo 10 date
inciude the tollowing:

Pedesta-Mounted Stinger (PMS) carrying e:qnt Stinger
SUaCE10-a MrsSiles and one 12 7 mm machine gun.
Thrs became operalonal with the US Army in 1989-90

Acceieration of the HMMWY s such that & can move
from a stanosull to 48 km/h m 8 seconds and trom a
standstil 1o 80 km/h n 24 Seconas.

n tothe a ved vanants, AM Gen-
eral nas aiso orocuced the M1097 ‘Heavy Hummer
vanant (HHV) to increase the GVW 10 4536 kg - ail exrst-
ing HMMWYV versions can De oroduced to this ievel.
xnawi as the Heavy Weaoons Carner or Heavy Arma-
ment Carner. The heavy Cnassis permns 3 payload
ncrease 1o 1996 kg i the case of the M1097 - GVW s

GVW for ail A1 modeis. except the MI097A1.
ncreases Dy acproximately 81 kg aithough vemicies
Dayioads ano 10acs remain the same.

AM General offer 3 new tront seat retrohit kit for the
ensing HMMWYV Tteet as pan of the new senes
progucuon.

Specifications (M1038 Cargo/troop Carner
wrwinen)

Cabsesting: 1+ 3

e

4536 kg. The M1097
tront anc rear aitterentais, a new transier case. new
tront and rear DrOOSNAMS, 2N IMOrOved frame MouNnting
107 the SIEenng GEAr. VBNEDIS rale rear 3pNNGs and new
iower Dall jonts. The heavier Chassrs aliows the use of
an up- panet ket with 5,56

NG tne total requirement 13 tor 273 over a
Denoa For fult getass reter 10 Jane S Lano-Dasea Air
Oetence 1993-94 paqes 156 10 158

LTVvC e Mountea Svstem car-
NG a vanety Of Jir delence Or ant-ank systems. For
oMtmts Of this Drivate venture refer 10 Jane s Lanc-
basea Ar Detence 1992-93 pages 153 ano 154

Fiore Qotc Guided Missie (FOGM) Svstem The
HMMWV was seiected as the Gunch venicie for tne
NorLine-ot-Sight INLOS) comoonert of the FOGM
wincn was cancelied in Decemper 1990. For getais
1010t 10 Jane 3 Lana-Dasea A Delence 1993-94 Dages
159 ang 160

An HMMWY was used for tinng tnai nwenng the Heli-
fre anttank guied wesoon N 3 surtace-to-surtace
ro.

A" MMMWYV has Deen acapted to carry an M40A2
106 mm recouteas ntie tor overseas saies.

Al least one HMMWY has Deen used Ov Ailiant Tech-
3ystemns 1or tnas NvoMing 3 LIgNt VOIC2NO version of
he M133 Voicano muttioie detivery mme system - see
unGer Minelaying equIDMent 101 Getaxs.

To recuce e cvcie and ntial procurement Costs.
3WNAArg automotve COMDONeNS are USEQ wherever
O0%310ie. 23 10 INe engine. Iransmission. transter case.
Sraxes ang steenng

The ingepencent suspension front ang rear. qives
9000 Manoeuvrability, ease of handiing ang part Com-
Monaity Tha qearea huos qive 0 41 M Qrouna ciear-
2NCO NCOrporatng raisec axies lor PN SoEea oper-
3hons on r0aa ana across country They aiso provide a
192:1 torque outout mutipucation at the ground.

The susoencedq carmer tron and rear axies are iaent-
‘Cal. have artterentials and are Mourted MiGh CIreCtty n
1N chasus frame. The tront Dropelier Snaft has coudle
Gargan oints ana the rear Dropetier snaft nas single car-
93N 10ts which. accoraing to AM Generar. Qive mifk
Tal monon. imorovea torque charactensucs anc
MIORer renatiity with resutant lower SUDDOR COStS.

aON: 4 « 4
Wesght:
\kerb) 2416 kg
1GVW) 3493 kg
Max fosd: 1077 kg
Max towed t0ad: 1542 kg

ana 7.62 mm NATO ball orotection and perms the car- Length: 4 72m

713g@ O heavy weapons sucn as the McDonneit Dou Widgth: (rmirrors foided) 2.18 m

gtas Hehcopters 30 mm ASP-30 cannon. Proguction Hewght: 1.83m

commencead in September 1992, Ground clearance: 041 m
kits ov and airectly Track: 1 82 m

‘rom AM 2 \ kit a W 33m

OrusSNGUard. SCArE yTe BNC 1EMCaN Camers: 2 drvehne
SKid Drotection Xit: & cermral tyre intiation system (CTIS)
ana a special gesert GDEraTIoNS 0ICKAge MCIUTING sec-
onaary o and tuet ralON: sealed CIOSHICKS: a con-

Angle of approach/departure: 474/45*
Max speed: 113 knv/n

Range: 482 km

Fuel cspactty: 94 61

stam drrve tan ana on A retrotitabie
W~eapOoN S1ation kit 1 &N aaaolation of that used on stan-
Jard MMMWY weapaon camers (M998 ana M 1038 onty)
a3Na waGNS 114 kg.

The M1097 HHV was used as the bass for the Hum-
mner CabOverEnguw (COE) (4 x 4) 2268 kg cargo
truck - Se0 (olowng ertry. Civilian ana pubhc utinty ver-
3,0n3 Of the HMMWY are avaiabie.

A nigh mobrirty trasder (HMT) for use with the HMMWV
3 unoer develooment and testng. ft wil Drovice

Max @ 0%
Side siope: 40%
Fording: 0 76 m

iwrth preparation 1 $2 m
Engine: V-8 6 21 dresel geveloDing 150 ho at 3600 rom
Trananuasion: aULOMaC with 3 torward and | reverse
qears -
Transter box: 2-speed. lull-ime 4-wheei drve
Suspenswion: ifront and rear) naependent. Gouble
A-arm, con sonng

1Mprovea y ano Dared 10
currently fieicec tasers. On Marcn 22 1993 the US
Ary 133060 2 DIOCLYEMeNT SOUCILAtON tor 3 famity of
three traers: a2 680 kg cargo traser. a 1134 kg cargo
traer anc 3 1134 kg cnassss traier. Under 3 tivevear
contract up to0 23 000 trauers may De procured. The
comract was to be a m$
1933 with first Qeinenes axpected sunng 1994

Three HMMWVs can be carmed in a C-130 Hercules
'ranspon arcran. sx o 3 C-1418 and 15 n 3 C-5A
Galaxy.

MOSBA 1 Senes -

- 1ate 1993 AM Generat Deoan progucing the M998A T
senes of HMMWYV for the US Army All Al mogets incor-
oorate the M1037 ‘Heavy Hummer Chassss Compo-
nents pius New 1ront SEstS. an IMOMOVed E3rking Draxe
iever with safety rewaase. 3 metal hood gnil, Improved

Turnng radis: 7 62 m

Brakes: NYJraulic Qisc ront and rear
Tyres: 36 x 12.50 R 16.5 LT load range O
Etectncal system: 24 V

Battenes: 2 x 12V

Status

In Oroguction. in sernce with US Army Air Farce. Navy
ang Manne Corps. Some 10 000 vemicies nave peen
soid t0 30 frienaly tOrexan countnes Known (0 De N
sennce with Abu Oraoi (3). Dibouti (10), Luxembourg
(29). the Philippines. Saudi Arabia (2300 orgeres :n
<Qg1), Taiwan ang Thanana 11501 Ciwvibanises versions
have Deen sOId 10 the Chinese Mimstry of Petroieum
£xploration, tne US Boraer Patrol ano other Civihan
agencies.

Siave recentacie. 3oka state GIow Diug . moar
*.0 Atie MOUNtS. aNG UDGECEd rear Nat-shatts. Using
nese chasss ennances
HMMWY $1anaarcsshon across all Mooess. ieading 1o
~Mmprovements 10 IOISHC SUDDOT, trammng and tieet

Verucie nanciing s ennanced oy the tront oar
O®ng anacnea 1o the lower comrol arms and pvot

Sracxet reaucing snock trom the lower Adrame mem-
Der 10 tha enassis

The 1 of the A1 senes resuited in
™8 SIMHNSNLON 1FOM New DrOCUCTION Of the M1017 ana
M1042 Shetter Camners (reDIaced Dy the M1087A 1) ana
‘re M1036 TOW Masue Carner

AM Genera: Corporaton. One Michiana Sguare. Suite
150. 100 E Wavne Street. Soutn 8end incrana 46601
USA,

Tel (219) 284 2942/2911 Fax:1219) 284 2959/2814




WHEELED VEHICLE
(M-35)

Specifications
Model MISA2
Type cango
Cab sesting 12
Configuration 6x6
Weight tempty) 5900 kg
{loadeq. roan) 10 400 kg
Weight on trom axie (loaded) 2700 kg
Wesght on rear axie ioageat 7700 kg
Max load (roaa) 4535 kg
(cross-country} 2268 xg
Towed load (1001 4535 kg
1Cross-country) 2721 xg
Load area 37a.22m
Length (without wincn) 67m
Width 24m
Hewght cregucea) 21m
toveran) 29m
103d areay 132m
Ground clearance (axies: 028m
Track tront reary 172171778 m
Wheeibase 3912m
Angle of approach/departure 47%:40°
Max speed iroaat 90 km/n
Range 480 km
Fuel capacrty 1891
Maz gragient 50%
Forging twiinout oreparations 076m M35A2 2
{with ormparation) 198 m
Engine LDT-4651C 6<vinge
Geartox alt have a manuai gez
Chuten single ary piate ts it
Transter box 250000
all have cam and twin
Tuming racrus 1m
Suspension tiront/resr Seme-eli:pical SpNNGs.
Trree 9.00 x 20
Brakes (mawn. e e o b e

M35/M44A2 (6 x 6) 2Vx-ton Cargo
Truck Series

Development

Inthe tate 1940 Reo and the Truck and Bus Division of
Genera: Motors Corboration each developed a new
2 Mon (6 v 6) truck or the US Army 10 reptace wartime
varucies Reo was awarded the nmial production con
Tract for S000 venicies ang deiivered the first venicie i
1950 Onginaliv ¢ was 10 have been onty an imenm sot-
410n pending targe-scale production of the General
Motors desian. tut as soon as the Korean War oroke
Out & was apparent tnat Reo alone coula not meet the
requwements of the Armv so the General Motors mod-
#i3 were Dlaced " immeqiate proouction They were
the M135 with sinqle rear wheets and the M211 with
Qual rear wheels. but thay were pnased out of pro-
QuClion atter the end of the Korean War in favour of the
Reo cesian wnicn was aiso built by Stugebaxer ana
WES COMMONty knOwn as the Eacer Beaver

The trst venicies were powered bv a Reo (model
OA3311 or Contnentat (COA-331) petrot engine which
Qevetoped 146 bhp at 3200 rom. but tater mogers with
the suthx A1 (for exampie M35A 1) were powered by a
Continentas LDS 427.2 muttrtuer engine. Current mog-
els (tor exampie M3ISA2) have the Continental LD 465-1
muit-fuel engine wnich cevetops 140 bho (gross) at
2600 rom

in 1964 the Kaiser Jeep Corporanion bought the Stu-
ledaker faciies in South Bend. Ingrana. ang was
Awaraed contracts 10 build both 2 -ton {6 « 6 ang
51on (6 « 6) trucks tor the US Army

'n 1967 Karser Jeeo tormed tne Detense ana Govern-
ment Products Dwision 1o handie 1ts government
contracts. but in 1970 Kaiser Jeep was acquired by
Amencan Motors ang the Defense ano Governmen:
Progucts Divsion was named tne General Products

Owision of the Jeep Corporation In 1971 it was
renamec the AM General Corporation. then a wnolly
ownea v o! rrican Motors C

93

-on(6 x 61 carqo/personner fruck with macrune gun mounting over
cad

Bv eanv 1980 AM Genera! had producea ove'
150 000 M35/M44 series 6 x 6 trucks. A proguc!
1MDroved prototype designated the M963 senes w.r-
Jevelooed bv Ihe company under contract to the U:
Army Dut it 010 ot enter production.

Tne MI63 series was powered by a Caterpuitar Mode:
3208 V-8 diese! gevelooing 210 hp coupled 10 an A
50N MT843 four-speed automatic transmmsion New
‘xles qave the venicie a wider track and larger tyre~
'Moroved SOft soit mobility. allowing single insteac of
the usual duai rear wheels to be fitted. Other improve:
ments included redesianed suspansion. Drakes anc
sieenng. 3 tarwarg-tiiting bonnet for easier mamnter
ance and a wider <ab with 3 spnng ¢
seat for the orver '

Bv 1988 M35/Md4 production was being camed out
oy AM General Corporation. In that year an order tor !
turner 399 MA4A2s was piaced for aelivery by Octobe:
1988. in Seotemper 1988 1t was announced that AM
Generat would giscontinue medim andg heavy trucs




ARTILLERY (M-730)

air missile launcher. based on the M548
s in ready

M730 series Chaoarral surface-to-
tracked cargo carrier with four Chaparral surface-to-air missile

to launch position

M730 Chaparral SAM launcher
This is based on a modified M548 series tracked cargo carrierand mounted
over the rear area 1s a one man power operated turret with four Chaparral
SAMSs n the ready to launch position with a further etght missiles being
carried in reserve. In addition to being used by the US Army. the Chaparrat
is also used by Egypt. Israet. Morocco. Portugal, Taiwan and Tunisia.




ARTILLERY (M-163)

M163A1 20 mm Vulcan self-propelied anti-arrcraft gun system of the
US Army fitted with the Lockheed Electronics Company Product Improved
Julcan Air Defense System (PIVADS) kit

M163 Vulcan Self-propelled Anti-aircraft Gun

This is essentially an M113A1 chassis fitted with a one-man electricatly-
driven turret which i1s armed with a 20 mm M168 Vulcan gun. Navy Mk
20 Mod. A gyro lead-computing sightand a range-only radar are mounted
on the nght side ot the turret. The chassis 1s designated the M741.
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